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The Structure Coccoliths from the English Chalk 


Maurice BLACK and BARBARA BARNES 


(PLATES 


ABSTRACT 


Carbon replicas coccoliths examined under the electron micro- 
scope reveal structural details which are invisible under oil- 
immersion microscope, but are essential for systematic study 
these minute bodies. appendix, one new genus and six new 
species are described. Some these appear have limited 
vertical range within the English Chalk. 


the course investigation the finer fractions the Chalk, 

has become necessary obtain more definite information about 
the actual shape the constituent calcite particles than present 
available. Electron micrographs the calcite grains themselves have 
proved inadequate, because the opacity this mineral the 
beam. Carbon replicas, the other hand, when viewed after 
the removal the original calcite, reveal not only great deal the 
intimate structure the coccoliths which make large part the 
matrix most chalks, but also show the surface details the individual 
grains which these bodies are built. systematic study the chalk 
matrix, zone zone, which now progress, will take some time for 
and the purpose this preliminary note make avail- 
able some the results already obtained. 

has long been known that when coccoliths, whether Cretaceous 
are examined between crossed nicols under petrological 
Microscope, they exhibit interference effects which could only 
produced structures much more complicated than any that can 
through oil-immersion objective under the most favourable 
conditions. particular, many coccoliths polarized light show 
spiral system spirals, which rotation behave 
Manner suggesting structure built least two superimposed 
layers, each consisting minute calcite fibres arranged such 
manner that the optic axes the crystals one plate are systematically 
Oblique those adjacent crystals the other layer. Carbon replicas 
amply confirm this suspicion, and show that the great majority 
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Cretaceous coccoliths consist two layers either radially spirally 
arranged fibres. this respect they agree structure with modern 
species Coccolithus, and are not, has sometimes been maintained, 
the single discs which they appear under oil-immersion lens, 
Furthermore, the constituent crystals some species have width that 
much smaller than the wave-length sodium light that they cannot 
seen separate individuals under ordinary microscope. 

Since propose discuss methods preparation and photography 
length more detailed account the Cretaceous coccoliths, only 
few general comments this subject need made After the 
dispersion bulk sample chalk, the coccoliths are concentrated 
hydraulically, and washed clean from finer material. smear made 
glass plate from concentrated suspension coccoliths water, 
and allowed dry. The thickness the carbon coating evapor- 
ated this preparation requires careful judgment. With suitable 
thickness carbon, coccoliths can photographed show not only 
the sculptural details the surface facing the carbon arc, but also the 
construction otherwise concealed parts. The use such preparations 
illustrated Plate XI, fig. where overlap neighbouring granules 
the ring Discolithus cretaceus can clearly seen; Plate VIII, 
where the outline the concealed smaller disc Tremalithus burwellensis 
can seen beneath the main disc, and Plate IX, fig. where the rays 
the larger disc Tremalithus barnesae can seen cross those 
the smaller disc oblique angle. This method proving 
particular value working out the structure complicated coccoliths, 
and also linking the external and internal views the same species 
where these two views differ considerably appearance. 

Heavy-metal shading used pick out the details surface 
sculpture, and also provide shadow means which the thick- 
ness the coccolith may measured. Photographs were taken 
Metropolitan Vickers EM6 electron microscope. 

Prints made directly from the original negative reproduce the 
appearance the coccolith seen the fluorescent screen 
the microscope: that is, with clear shadows which appear white the 
print. Prints this kind are more satisfactory for minute study 
detailed structure than reversed prints, which small details are not 
always clearly apparent; but reversed prints, which the shadows 
are made appear dark instead light, give more natural appear- 
ance three-dimensional solidity. Both types print have been used 
the illustrations this paper, and are distinguished the explanation 
the plates direct reversed prints respectively. 


also defer the publication bibliography future paper, since 


adequate list references would add unduly the length this pre- 
liminary note. 
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The preservation these minute bodies throughout the English 
Chalk remarkably good, and little sign corrosion seen 
rule. The reason for this presumably that rain-water percolating 
through chalk bulk becomes saturated with calcium bicarbonate 
before has penetrated more than few inches from the surface, and 
the coccoliths below this depth are never exposed acid water. 
some samples, however, the coccoliths etched such 
way that much the original surface the grains was destroyed, 
leaving irregular pattern picked out parallel the rhombohedral 
cleavage the calcite crystals. This effect was most pronounced one 
our samples the soft chalk the Holaster planus zone from Wood 
Ditton, near Newmarket. Similar etching has also been noticed 
samples the Austin Chalk collected near Dallas, Texas, and appears 
particularly prevalent yellowish cream-tinted chalks which 
originally contained finely disseminated iron sulphide. oxidation 
this has produced sulphuric acid within the rock, and the same time 


has released small quantities ferric hydroxide, thus giving the chalk 
its pale yellow tint. 


SEDGWICK MUSEUM, CAVENDISH LABORATORY, 
CAMBRIDGE. CAMBRIDGE. 


APPENDIX 
Systematic Descriptions 


BLACK 


The selection type-specimens for species fossil coccoliths 
presents certain difficulties. Material preserved permanent mounts, 
for example Canada balsam, has been used the past, but unsatis- 
factory because surface details, which are essential for the diagnosis 
most species, cannot seen such mounts. the preparation 
carbon replicas, the specimen itself destroyed order leave 
transparent replica, and thus not available for preservation type. 
Since the actual specimen cannot used, seems most satisfactory 
base the species upon the photographic plate used writing the 
description, rather than upon the carbon replica, which more 
difficult handle and store safely. the following descriptions, 
therefore, the holotype photographic plate, preserved the 
Sedgwick Museum, Cambridge, and the number quoted the serial 
number given the plate the log book the electron micro- 
scope the Cavendish Laboratory. 

For the purpose description, has been assumed that Cretaceous 
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coccoliths that are built the same plan those living species 
Coccolithus have also similar orientation: that is, the larger, often 
convex, disc external, and the smaller, concave disc internal. 
describing the component rays, the proximal end directed towards 
the centre the disc, and the distal end towards the circumference. 

Even the limited number samples which have far examined 
detail, apparent that the English Chalk contains large number 
distinct species coccoliths; many these have highly compli- 
cated structure, and are easily recognized under the electron microscope. 
Some them, such Discolithus cretaceus, range through many zones 
the chalk, and possibly through the whole the Upper Cretaceous. 
Others, such Tremalithus barnesae, while ranging through number 
zones, are much more numerous one zone than any other level. 
Thus barnesae extremely abundant the soft chalk the Holaster 
planus zone, and appears characteristic the Turonian, although 
occasional specimens may found the Cenomanian beds below, 
and also the Senonian above. the other abundant and easily 
recognized species Tremalithus, several have not yet been found 
outside the Turonian, and burwellensis has not been seen outside the 
Cenomanian, although extremely common beds that age. 
Many the less common species have the present been seen 
samples from one zone only, but until more detailed work has been 
done, little can said about the vertical range such species. 


Tremalithus burwellensis sp. nov. Plate VIII. 


Holotype.—No. 2817. 

with two unequal elliptical discs, each 
consisting large number (circa 100) narrow segments which 
not reach the centre, but surround central grid made two 
opposed sets stout calcite bars meeting along the longer diameter 
the ellipse. 

Dimensions microns 3-0 microns. 

This distinctive and easily recognized species differs from all others 
have encountered the narrowness and large number the 
segments making the main body the coccolith. the type 
specimen there are 108 segments, and where reliable counts can 
made other specimens, the number between 100 and 110. This 
coccolith has very substantial thickness, and the narrow segments, 
seen surface view, are probably the edges flat plates arranged 
right-angles the surface the disc, like thin slices thick cake. 

The outer margin the disc irregular, and finely crenulate, each 
crenulation corresponding the profile one segment. Sutures 
between adjacent segments are well marked near the outer margin, 
becoming progressively fainter towards the centre, until distance 
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about one-fifth the major diameter from the margin, the sculpturing 
becomes abruptly much more deeply incised; the same time, the 
general surface slopes inwards, forming large oval central depression, 
which occupies about three-fifths the major diameter the coccolith. 
The floor this depression takes the form coarse grid, consisting 
about seven pairs calcite bars, arranged roughly parallel with the 
shorter diameter the coccolith, and meeting from opposite sides 
along the longer diameter. 

The internal disc the type specimen 3-1 microns longer 
diameter, and other specimens commonly about four-fifths the 
diameter the external disc. 

Abundant the Burwell Rock Cambridgeshire and the Totternhoe 
Stone Bedfordshire (Upper Cenomanian). 


Tremalithus barnesae sp. nov. Plate IX, figs. and 


Holotype.—No. 3068 (Plate IX, fig. 2). 

with two nearly circular discs, one slightly 
smaller than the other, and each consisting rays (exceptionally 
29). Rays the smaller disc gently curved, filling the centre, and 
bluntly pointed the distal end. Rays the larger disc not reaching 
the centre, but radiating from oval central shield, and squarely 
truncate their distal ends. 

Dimensions microns 4-8 microns. 

Specimens this species are most easily recognized when lying 
that the internal surface exposed view, Plate IX, fig. 
this view, the serrated outline the smaller disc seen lying just within 
the smoother margin the larger disc. With replicas suitable 
density, the continuation the rays the larger disc may traced 
beneath those the smaller disc, which they cross obliquely. The rays 
the external disc slope steeply towards the circumference, thus giving 
the central part the coccolith substantial elevation. 

Extremely abundant the soft chalk the Holaster planus zone 
Cambridgeshire and Essex; occasional specimens seen the Upper 
Cenomanian and the Lower Senonian. 


Biscutum gen. nov. 


Imperforate coccoliths consisting more than one layer plates, 
the plates one layer being closely moulded onto those the adjacent 
layer layers. Type species: Biscutum testudinarium sp. nov. 


Biscutum testudinarium sp. nov. Plate fig. 
2810. 
Diagnosis.—Coccoliths with two unequal elliptical discs seg- 
ments each, the plates the larger disc being moulded upon those 
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the smaller, and their distal ends being expanded form ring 
surrounding the distal margin the smaller disc. 

Dimensions microns (estimated) 3-6 microns, 

The segments the smaller disc are wedge-shaped the ends the 
ellipse, where the curvature the outer margin greatest, and are 
nearly parallel-sided elsewhere. These segments not reach the centre 
the coccolith, which occupied group granules which may 
possibly expansions the proximal ends rays belonging the 
larger disc. The distal expansions the rays the outer disc are seen 
internal views roughly rectangular sectors ring surrounding 
the smaller disc. Specimens presenting external view have not yet 
been recognized. 

Frequent the Burwell Rock Cambridgeshire and the Totternhoe 
Stone Bedfordshire (Upper Cenomanian). 


Biscutum castrorum sp. nov. Plate fig. 

Holotype.—No. 2833. 

Diagnosis.—Biscutum with two unequal elliptical discs segments 
each, the segments the two discs alternating and closely moulded 
against each other. Segments the larger disc expanded distally 
form ring surrounding the smaller disc. 

Dimensions microns 4-4 microns. 

This species differs from testudinarium its narrower and more 
numerous segments, and the cylindrically swollen surfaces the 
segments the smaller disc, which consequently has radially.corru- 
gate rather than flat surface. 

chalk the Micraster coranguinum zone Shudy Camps, 


Cambridgeshire, where conspicuous but rather uncommon 
species. 


Discolithus cretaceus (Archangelsky), Plate XI, figs. and 


1912. Coccolithophora cretacea, ARCHANGELSKY, Mater. Geol. Russ., 
25, 410, and Plate VI, figs. and 13. 

1957. Discolithus cretaceus (Archangelsky), Acta Palaeont. 
Polonica, ii, 251, and Plate fig. 11. 

This coccolith very nearly circular outline, with larger diameter 
between and microns, and smaller diameter from per cent 
the larger. The ring about 1-6 microns width, and consists 
calcite granules which have the appearance being keystone-shaped 
surface view. The central area within the ring occupied cross 
four slender arms, each about 0-32 microns width. Etching 
patterns corroded specimens confirm that each the granules 
the rims single calcite crystal, and that each arm the central cross 
contains several crystals arranged end end. 

Specimens which can referred this species have been seen 
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preparations from most the zones the English Chalk. Complete 
coccoliths are not rare, but more less damaged individuals, which can 
still recognized without difficulty, are much more common. The 
arms the central cross are frequently broken, and many specimens are 
reduced open ring which the original points attachment 
the central cross can still seen. 


Discolithus theta sp. nov. Plate XII, fig. 

2808. 

coccoliths with stout rim inclined plates, 
joined along the shorter diameter bridge two rows plates. 

Dimensions microns 6:2 microns. 

This form belongs distinctive group species, widely distributed 
throughout the Chalk many parts Europe, and all having the form 
the letter theta. Such forms have frequently been described 
having two large pores separated the bridge, but have often 
observed traces plates partially filling these openings that doubt 
whether they were, fact, originally open pores. 

Abundant the Burwell Rock Cambridgeshire and the Tottern- 
hoe Stone Bedfordshire (Upper Cenomanian). 


Cyclolithus armilla sp. nov. Plate XII, fig. 

2807. 

with about spirally inclined plates 
forming narrow open ring. 

Dimensions microns 4-4 microns. 

Measurements the shadows cast specimens this species show 
that the coccolith is, fact, short tube rather than flat ring. The 
bevelling the plates seen surface view appears constant 
and distinctive feature this species. 

the numerous ring-shaped coccoliths which have seen the 
Chalk, this one the most distinctive. are inclined doubt, 
however, whether any these forms were originally open rings; 
think more likely that they represent common condition preser- 
vation forms which the centre was closed delicate and easily 
damaged membrane, some trace which often still visible, the 
specimen selected the type this species. have already men- 
tioned that Discolithus cretaceus, destruction the central cross, 
produces open rings which might well referred the 
intermediate stages were unknown. With the present species, however, 
cannot present prove that our supposition correct, and must 
for the time being referred Cyclolithus. 

the Burwell Rock Cambridgeshire and the Totternhoe Stone 
Bedfordshire, where not uncommon. 
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EXPLANATION PLATES 


VIII 


Tremalithus burwellensis sp. nov., external view holotype. Burwell Rock 
(Upper Cenomanian), Burwell, Cambridgeshire. Plate 2817, direct 
print 25,000 


Fic. 1.—Tremalithus barnesae sp. nov., external view. Holaster planus zone 
(Turonian), Weston Colville, Cambridgeshire. Direct print 
15,000. 

Fic. 2.—Tremalithus barnesae sp. nov., internal view holotype. 
planus zone (Turonian), Weston Colville, Cambridgeshire. Plate 
3068, direct print 15,000 


PLATE 


Fic. 1.—Biscutum testudinarium gen. sp. nov., internal view holotype. 
Burwell Rock (Upper Cenomanian), Burwell, 
Plate 2810, direct print 17,000. 

Fic. 2.—Biscutum castrorum sp. nov., internal view holotype. 
coranguinum zone (Lower Senonian), Shudy Camps, Cambridge- 
shire. Plate 2833, direct print 14,000 


PLATE 


Fic. 1.—Discolithus cretaceus (Archangelsky), corroded specimen from the 
Holaster planus zone (Turonian), Wood Ditton, Cambridgeshire. 
Three arms the central cross are preserved. Plate 2638, reversed 
print 16,000. 

Fic. 2.—Discolithus cretaceus (Archangelsky), uncorroded specimen from 
the Holaster planus zone (Turonian), Weston Colville, Cambridge- 
shire. The arms the central cross have been broken away, leaving 


only four stumps the original points insertion. Plate 3067, 
direct print 18,000 


Fic. 1.—Discolithus theta sp. nov., holotype. Burwell Rock (Upper Ceno- 
Burwell, Cambridgeshire. Plate 2808, direct print 
10, 

armilla sp. nov., holotype. Burwell Rock (Upper Ceno- 
manian), Burwell, Cambridgeshire. Plate 2807, direct print 
15,000. 
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Microplankton from the Yorkshire 
(PLATE 


ABSTRACT 


assemblage microplankton from the Cornbrash Yorkshire 
described. consists dominantly dinoflagellates, including three 
new species Gonyaulax and one new species Pareodinia. rela- 
tively small number hystrichospheres are present, including new 
species Baltisphaeridium, Cymatiosphaera, and Pterospermopsis. 
The character and significance the assemblage are discussed. 


INTRODUCTION 


study fossil microplankton with organic shells began with 

the work the pioneer microscopist Ehrenberg (1838 and 
1854) the mid-nineteenth century. His observations were speedily 
followed four English microscopists, White (1844), 
Wilkinson (1849), Henry Deane (1849), and the Rev. Reade 
(1839), who found thin sections flint organisms recorded already 
from similar materials the German author. 

After this period, the subject was almost entirely neglected until the 
when Otto Wetzel (1933) Germany and Georges Deflandre 
(1935-7) France published important papers the fossil dino- 
flagellates and hystrichospheres the Cretaceous, again basing their 
studies thin sections flint. The employment chemical 
techniques, similar those used for the isolation spores from sedi- 
ment, made possible obtain assemblages fossil microplankton 
from sediments very varied character: result, increasing 
volume work now being done this field. 

was not until 1957, however, that any further work was published 
Britain the topic Mesozoic organic-shelled microplankton, 
when Downie published paper fauna from the Kimmeridge 
Clay Dorset. 

The assemblage dealt with there also from the Upper Jurassic. 
was obtained from specimen sandy limestone collected from the 
Upper Cornbrash (Macrocephalites macrocephalus Zone) exposed 
foreshore reef below High Red Cliff, Cayton Bay, grid reference 
077843. (cf. Douglas and Arkell, 1932, Arkell, 1933, Sylvester-Bradley, 
specimen contains lamellibranchs, notably 
demissum, and shell fragments. 

sample was crushed mechanically and treated with hydrochloric 
acid remove carbonates and with hydrofluoric acid remove 
The residue was then macerated for one hour Schultz 
solution remove the bulk plant tissues and structureless humic 
substances. The resultant concentrate, brownish-black colour, was 
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mounted either Canada balsam glycerine jelly, and when 
examined was seen consist largely dinoflagellate remains with 
some hystrichospheres, spores, and pollen grains. 

The percentage microplankton the total fossil assemblage was 
per cent, the remainder being spores and pollen. This contrasts 
strongly with assemblage obtained from clay horizon ft. in, 
higher the succession and from the same locality, which poorly 
preserved microplankton constituted only per cent the total 
assemblage. 

The bulk the dinoflagellate remains from the Upper Cornbrash 
sandy limestone were fragmentary, and the relatively complete forms 
almost none were without some degree damage. Thus, despite the 
considerable bulk material examined, only six species dinoflagel- 
lates were positively identified. Seven species hystrichospheres were 
identified, but these form comparatively small part the assemblage. 

All the specimens described this paper are now the collection 


the Micropalaeontology Laboratory the Department Geology, 
University Sheffield. 


II. DESCRIPTION THE ASSEMBLAGE 
Class DINOFLAGELLATA 
Family GONYAULACIDAE 
Genus Gonyaulax Diesing. 
Diagnosis. Theca varied form and characteristic tabulation: 


epitheca 3-6’, 6”: hypotheca 1””. Sutures sometime 
ornamented with aliform crests. 


Gonyaulax caytonensis sp. nov. 
Plate XIII, fig. Text-fig. 


Diagnosis. species fossil Gonyaulax having sub-ovate theca, 
broader than long, with the tabulation and without 
terminal horn. Longitudinal furrow widening its posterior end. 
Sutures ornamented high, irregularly perforate crests. 

Description. The theca has moderately thick walls and granular 
surface. Epitheca and hypotheca are similar size and shape. The 
borders the transverse furrow and the sutures between plates bear 
high crests, granular and perforated varying degree: the perfora- 
tions vary size from minute punctations quite large holes. 

The epitheca was frequently damaged the specimens seen, the 
apical region usually being most severely damaged: the tabulation 
the apical region thus based entirely the type specimen. There 
apical horn: the apical region appears made four plates, 
1’, 22’, 23’, 4’, shown the text-figure. There are addition six 
pre-equatorial plates. 
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The transverse furrow broad and extends around the theca 
spiral such that its two ends differ antero-posterior 
position the furrow’s width. divided sutures into four sections. 

The hypotheca comprises six post-equatorial plates, plate being 
triangular shape and small size, and polygonal antapical plate. 
The longitudinal furrow broadens considerably approaches the 
antapex and posterior intercalary plate present. 

The theca the type reddish-brown colour: encloses, near 
the apex, two small brownish bodies rounded outline. Plate 
(shaded Text-figure) missing: this may represent the position 


1.—Tabulation Gonyaulax caytonensis sp. nov. Left: ventral 
view, Right: dorsal view. The specimen figured the type 
CB74/9/3. 600. t.f. Transverse furrow. Longitudinal 
furrow. 


pylome, more usually created loss plate (cf. Eisenack, 1958), 
but without other confirmatory observations this cannot affirmed. 

Type Specimen. CB74/9/3. Dimensions. Type: length 
breadth height crests around width transverse furrow 
around The type about average dimensions: there was some 
variation size observable, CB74/14/12 being the largest specimen 
seen with length and breadth 

Remarks. The type specimen exhibits the posterior end the 
longitudinal furrow number depressions. shown the figure, 
these are pointed polygonal form they are always deepest the 
point and become shallower towards the opposite end. another 
specimen (CB74/14/2) similar depressions occur scattered random 
fashion over the entire thecal surface. 

Four definitely identifiable forms were seen. About. further 
specimens were seen too poorly preserved for precise identification but 


probably attributable this species. addition, there were very 
considerable number fragmentary remains dinoflagellates probably 
this species. 

Gonyaulax caytonensis differs markedly tabulation and form 
crests from all the fossil species far described. was referred this 
genus despite the absence posterior intercalary plate since the 
tabulation corresponds that Diesing’s genus all other respects 
and since several fossil species lacking posterior intercalary plate 
are already included within the genus. 


cristulata sp. nov. 


Plate XIII, fig. Text-fig. 


Diagnosis. species fossil dinoflagellate having oval theca, 
longer than broad, with the tabulation and small 
triangular plate, and without apical horn. Sutures ornamented 
moderately high crests, part perforate. 

Description. The theca has moderately thick walls with coarsely 
granular surface: epitheca and hypotheca are similar size and shape. 
The borders the transverse furrow and the sutures between plates 
bear crests somewhat similar those caytonensis, but this 
species the crests are proportionately only about half high. These 
crests appear perforated narrow slits, but these may fact 
closely spaced punctations aligned relative the surface the 
theca; distinction between these two alternatives could not made 
any the specimens seen. Perforations are not observable present 
all crests. 

The apex was damaged all specimens seen: this may result 
the process ecdysis, since frequently the case present-day 
dinoflagellates that the apex the point exit during this process. 
There was suggestion any terminal horn spine. Plate can 
clearly seen, but the presence other apical plates can only deduced. 
There are six pre-equatorial plates. the type specimen, the first 
plate (1”) appeared divided median suture, producing 
anterior intercalary plate (which was, however, missing). This feature 
could not confirmed from the other specimens seen, the epithecas 
almost all which were very severely damaged. 

The transverse furrow broad and extends around the theca 
laevo-rotatory spiral such that its two ends differ antero-posterior 
position the furrow’s width. divided sutures into five sections. 

The hypotheca shows five post-equatorial plates, posterior inter- 
calary plate, and polygonal antapical plate. There addition 
minute triangular plate formed the junction the suture bordering 
the longitudinal furrow and that separating plates 1”’ and this 
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was constantly present all specimens observed. The longitudinal 
furrow broad and shows hypothecal widening. 

The theca the type specimen light reddish-brown colour; 
the majority the specimens seen were, however, deep reddish- 
brown hue. 

Type specimen. Dimensions. Type: Length 
breadth height crests around width transverse furrow 
around 4u. These dimensions are rather smaller than average: the 
largest specimen seen was CB74/10/4 with breadth the epitheca 
being too severely damaged for length determinable. 


2.—Tabulation Gonyaulax cristulata sp. nov. Left: ventral 


view, Right: dorsal view. The specimen figured the type 
CB74/3/2. 600. 


Remarks. The specimens seen show distributed over their entire 
surface series polygonal depressions, unrelated position and 
orientation the tabulation. These are similar character those 
already referred caytonensis sp. nov., being oblique relation 
the surface and deepest their most pointed end. has been 
suggested that these depressions may the result pressure mineral 
grains the consolidated sediment; their irregular position supports 
this theory. However, the thecas other dinoflagellates from this 
material not show any comparable depressions. 

Seven specimens seen; addition ten specimens too poorly 
preserved for precise identification were probably this species, and 
very considerable bulk fragmentary remains may well attributable 
it. 

This species differs from all existing dinoflagellate genera its 
tabulation. The present-day genus Congruen has the tabulation 4’, 
la, 2””: however, the smaller number pre-equatorial 
plates and the possession two antapical plates are important 
differences. The tabulation Gonyaulax specifies one more post- 
equatorial plate; however, the large plate this species may well 


wr 


formed fusion plates 5”’ and Gonyaulax and 
therefore referred this genus. 

2G. cristulata resembles caytonensis the form its crests but 
differs from the latter species general shape: the absence plate 
the presence plate and the small triangular hypothecal 
plate: the smaller height the crests: the form the longitudinal 


3.—Tabulation Gonyaulax transparens sp. nov. Top left: 
ventral view. Top right: dorsal view. Bottom left: apical view. 
Bottom right: antapical view. Diagrams based the type 
specimen CB74/8 /4. 


furrow: and the presence suture dividing the transverse furrow 
between plates and 

Only three fossil species Gonyaulax have far been described 
which lack any terminal horn spine, aceras, Aptian, Germany 
(Eisenack, 1958), amabilis, Kimmeridgian, France (Deflandre, 1939) 
and porosa, Cretaceous, Belgium (Lejeune-Carpentier, 1946). The 
new species differ markedly from these. 


sp. nov. 
Plate XIII, Text-fig. 
Diagnosis. species fossil dinoflagellate having oval theca 
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with very small apical horn and the tabulation 3’, la, 2p, 
Thecal walls very thin and transparent: sutures devoid 
ornamentation. 

Description. Thecal walls pale vellowish colour, showing very 
slight granulation high magnification. The epitheca somewhat 
larger than the hypotheca. The longitudinal furrow narrow: its 
hypothecal section divided off distinct plate, the posterior ventral 
plate. 

The epitheca bears very short spine arising from small plate 
designated 2’: this spine may seen only certain orientations. 
Two polygonal plates lie between plate and the anterior termination 
the longitudinal furrow: these have been designated apical plates 
and 3’. There are six pre-equatorial plates, and anterior intercalary 
plate present the right-hand side the longitudinal furrow. 

Type Specimen. Dimensions type. Length 
breadth width longitudinal furrow around 

Remarks. Only one specimen this new species was found: the 
brittle nature the theca militates against frequent preservation. 
The specimen was mounted semi-fluid medium and revolved 
heating, thus enabling study the various faces the theca that 
full tabulation has been established. 

The species has been tentatively related Gonyaulax, which 
corresponds general tabulation but from which differs the 
sion two posterior intercalary plates instead one. other fossil 
species has this character: the most generally similar pachyderma, 
from the Oxfordian France (Deflandre, 1938), but this differs also 
from ?G. transparens its apical tabulation and the possession 
raised crests. 

Family Uncertain. 
Genus Pareodinia Deflandre 


Diagnosis. Theca ellipsoidal ovoidal, lacking furrows, drawn out 
one pole into strong horn. 

Remarks. The affinities this genus remain uncertain: included 
within the Order Dinoflagellata the basis certain indications 
noted from Pareodinia prolongata sp. nov. (see below). 


Pareodinia prolongata sp. nov. 
Plate XIII, fig. Text-fig. 

Diagnosis. species Pareodinia with terminal horn length 
approximately equal that the theca. 

Description. Theca oval, with somewhat acuminate apex prolonged 
into slender, hollow horn length approximately equal that 
the theca. The membrane transparent and yellowish colour; 
extremely faint granulation may seen high magnification. 


Type Specimen. Dimensions. Type: overall length 
length horn maximum breadth The type 
about average dimensions; all specimens seen had overall length 
within the range 

Remarks. Several damaged crumpled forms showing folding 
such fashion that broad transverse furrow was suggested (see Text- 
fig. were seen; this equatorial belt was without clear boundaries, 
The best preserved specimens did not, however, show this feature. The 
absence transverse furrow indicates that this species belongs 
Pareodinia rather than Apteodinium, although Eisenack (1958) states 


4.—Two specimens Pareodinia prolongata sp. nov. showing 
folding such fashion suggest broad transverse furrow. 
600. 


that not all specimens his type species granulatum show indication 
transverse furrow. Nonetheless would seem clear that the effect 
folding was emphasize some natural equatorial differentiation, 
which suggests that Deflandre’s genus Pareodinia correctly placed 
systematically within the Order Dinoflagellata. 

Representatives this species were quite abundant; some 
relatively well-preserved specimens were seen, addition numerous 
broken specimens. 

Pareodinia prolongata differs from the existing species ceratophora 
1947) and aphelia (Cookson and 1958) the 
very considerably greater length the terminal horn. This shows some 
slight variation but all specimens seen was greater than two-thirds 
the body length. Perhaps the closest comparison found the 
Kimmeridgian Paleoperidinium nudum Downie (1957): however, this 
latter species has terminal horn different relative proportions and 
with solid tip, and transverse furrow constantly present. 


Pareodinia ceratophora Deflandre, 1947 


Diagnosis. species Pareodinia with terminal horn length 
between one-quarter and one-half that the theca. 
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Pareodinia ceratophora var. pachyceras var. nov. 
Plate XIII, fig. 10; Text-fig. 

Diagnosis. variety Pareodinia ceratophora with the terminal 
horn blunt and strong, not tapering. 

Description. Theca sub-spherical oval form with rounded 
apex from which arises strong, blunt horn. The horn hollow; its 
length about one-third one-half that the body. The membrane 
brownish-yellow colour, moderately thick and with faintly granular 
surface. 


5.—Diagram showing how Pareodinia ceratophora var. 
pachyceras nov. (a) differs outline from ceratophora 
and from aphelia Cookson and Eisenack. All three outlines 
are drawn the same size: actual size ranges are length (a), 
65-78 (b) and (c). 


Holotype. CB74/4/33. Dimensions. Holotype: overall length 
maximum breadth length horn breadth horn around 
The holotype average dimensions: all specimens observed had 
overall length within the range where Deflandre’s speci- 
mens from the Callovian the Baltic region and the Bajocian 
France were somewhat larger, varying length from 

Remarks. This new variety resembles Deflandre’s ceratophora 
and differs from aphelia and prolongata the relation length 
theca horn length. However, differs from the type this species 
that the surface less coarsely granular than that the specimens 
illustrated Deflandre and the horn all specimens observed 
proportionately more massive and does not taper point. There was 
suggestion any intergradation with prolongata and specimens, 
however crumpled, gave any suggestion equatorial differentiation. 

Some specimens Pareodinia ceratophora var. pachyceras, and 
numerous broken specimens probably referable it, were seen. 


Genus Apteodinium Eisenack, 1958 
Diagnosis. Theca globular, oval egg-shaped, with short pointed 


apical horn and sometimes short antapical horn. Epi- and hypotheca 
separated narrow, scarcely hollowed transverse 
tudinal furrow not seen. 


Apteodinium sp. indet. 

Description. Theca ellipsoidal form, prolonged the apex into 
short horn. The wall thin, yellowish colour, and with very 
coarse granulation. median transverse girdle clearly present; 
moderately broad and devoid granulation. 

The horn quite hollow; somewhat constricted close the tip. 
The transverse girdle differentiated only the absence granula- 
tion; produces embayment the profile the theca. 

Specimen. Dimensions. Overall length length 
horn approximately maximum breadth (Pl. fig. 5.) 

Remarks. The solitary specimen seen has clear transverse girdle 
and thus corresponds Eisenack’s genus rather than 
Pareodinia. differs from the sole existing species, granulatum, 
overall shape and relative length the horn. From Palaeoperidinium 
nudum (Downie, 1957) which corresponds its features the genus 
Apteodinium, differs the posession coarse granulation, the 


relative lengths horn and theca, and the absence solid tip the 
horn. 


Order HYSTRICHOSPHAERIDIA 
Family 
Genus Baltisphaeridium Eisenack, 1958 


Diagnosis. Shell round oval, not divided into fields. Processes 
more less numerous, sometimes branched, hollow but closed the 
tips. 


Baltisphaeridium varispinosum sp. nov. 
Plate XIII, fig. Text-fig. 


Diagnosis. species Baltisphaeridium spherical shape and 
having dense cover slender spines, sometimes simple, sometimes 
knobbed, sometimes bifurcate with very short branches. Length 
spines equal about half the shell radius. Spines densely set but 
separately visible throughout their length under high magnification. 

Description. Shell yellowish-brown colour, with walls moderate 
thickness. The type specimen somewhat damaged and does not 
possess its full number spines: estimated that the spine 
cover were complete, between 150 and 200 spines would present 
around the periphery. 

The spines are sometimes simple, but more frequently they are 
knobbed, hammer-headed, bifurcate (see Text-fig. 6). 

Type specimen. Dimensions. Type: diameter shell 
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overall diameter length spines around Other 
specimens observed, usually more severely damaged, differed little 
dimensions from the type. 

Remarks. Only four existing species show sufficient common 
characters with varispinosum merit detailed consideration. 
Baltisphaeridium fimbriatum (White, 1844), from the Cretaceous 
England and New South Wales, has numerous spines with capitate 
furcate apices, but these spines are much shorter, length equal 
about one-fifth the radius the shell, and are very constant 


6.—Baltisphaeridium varispinosum sp. nov. Sketch the type 
specimen (CB74/4/12) show relative proportions and altitude 
spines. This specimen somewhat damaged: the full number 
peripheral spines are not present and the dark patches represent 
damaged areas. Isolated spines xc. 1000. 


length, giving appearance outer shell quite lacking the out- 
line varispinosum. 

Baltisphaeridium pilosum (Ehrenberg, 1838), from the Corallian 
Poland, and its form (O. Wetzel, 1933), from the Cretaceous 
Germany, have entirely simple spines proportionately shorter 
relation body radius than those varispinosum. 

Baltisphaeridium whitei (Deflandre and Courteville, 1939) Xan- 
thidium hisutum White, 1844], from the Cretaceous England and 
France, has much denser cover simple, hair-like spines, producing 
what White termed furred appearance. 

Baltisphaeridium polytrichum (Valensi, 1953), from the Bathonian 
France and the Senonian Western Australia, has spines com- 
parable density those varispinosum but entirely simple and 
length equal greater than the radius the shell. 

The closest comparison found the forms from the Kimmeridgian 
Dorset attributed polytrichum Downie, 1957. These are 
described having smooth, spherical shells with numerous processes, 
generally simple but sometimes branching. Examination Downie’s 
specimens has shown that they differ from having 


we 


less dense cover somewhat longer processes, but they appear none- 
theless closer than Valensi’s species. 

Relatively few hystrichospheres proportion the number 
dinoflagellates were present the Cornbrash fauna. varispinosum 
the most prominent species, forming per cent the hystricho- 
sphere assemblage: fourteen specimens were seen, plus five obscured 
specimens probably also this species. 


Genus Cannosphaeropsis Wetzel, 1933 emend. Deflandre, 1947, 
Diagnosis. Shell globular, giving rise processes linked together 
concentric system hollow solid trabeculae. 


Cannosphaeropsis filamentosa Cookson and Eisenack, 1958. 
Pl. XIII, fig. 


Diagnosis. species Cannosphaeropsis having varying number 
thin, solid processes branching distally, sometimes fan-shaped 
manner, form their coalescence open sometimes dense 
enveloping network. 

Remarks. Three specimens are attributed this species, previously 
recorded from the Middle Upper Jurassic Australia and from the 
lowest Upper Jurassic Southern Germany. The specimen figured 
(CB74/17/4) the best preserved: somewhat smaller than those 
from Australia, having shell diameter and overall diameter 

Genus Micrhystridium 1937 


Diagnosis. Globular polyhedral shells, generally less than 
diameter, ornamented varied appendages. 


Micrhystridium fragile Deflandre, 1947 
Text-figs. and 

Diagnosis. Shell spheroidal, ornamented with small number 
(about ten fifteen) slender spines, pointed, generally flexible. 
Spines length greater than half the diameter and typically about 
equal it. 

Remarks. Eight specimens seen are referable Deflandre’s species 
from the Middle Jurassic France. Two are figured; these show 
variation the shape the shell. That specimen CB74/21/3 
spheroidal, with overall diameter shell diameter and spines 
long. That specimen CB74/4/32 the other hand 
distinctly oval, its greatest overall diameter being and greatest 
shell diameter the spines are long. 


Micrhystridium inconspicuum (Deflandre, 1935) 
Text-fig. 
Diagnosis. Shell spheroidal, bearing simple spines, straight, 
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recurved flexuous and moderate density (usually 40). Shell 
diameter less than 

Remarks. This species has previously been recorded from the 
Middle Jurassic (Valensi, 1953) and from the Cretaceous France 
(Deflandre, 1935). Four specimens were found, specimen 
CB74/21/4 (figured) having shell diameter with spines 
long. 

Micrhystridium stellatum Deflandre, 1942 
Text-fig. 
Diagnosis. Shell globose polygonal, with stout, simple spines, 


TEXT-FIG. from the Cornbrash. Micrhystridium 
fragile Deflandre (a. Spec. Spec. CB74/21/3). 
(b) inconspicuum Deflandre (Spec. stellatum 
Deflandre. (Spec. CB/74/4/21). 


straight slightly curving, length greater than half the shell 
diameter. Spines few number, hollow, broadest the base. 

Remarks. This species was first recorded from the Silurian (Deflandre, 
1942) and subsequently from the Middle Devonian France (Deunff, 
1954). Forms similar have been recorded from the Bajocian 
France (Valensi, 1953): whilst probable that these are not gene- 
tically related the Palaeozoic specimens, the basis the present 
morphological specification satisfactory distinction can made. 

Nine specimens observed correspond with the above diagnosis and 
closely resemble Valensi’s forms. The specimen figured (CB74/4/21) 
about average dimensions; shell diameter with spines 
long. 

Comparison was made with assemblage specimens 
stellatum from the Wenlock Shales Eaton, Shropshire. These have 
shell diameter varying between and and the processes have 
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relative length 120 per cent the diameter (Downie, 1959, 
press). 

The Cornbrash specimens have greater mean shell diameter, but 
this barely outside the range variation exhibited the Palaeozoic 
assemblage. Proportions spine length shell diameter are similar, 
The sole morphological difference observed was the form the 
processes; those the Palaeozoic specimens are thorn-like, broad 
based and tapering rapidly first, then much more gradually the 
tip, whereas those the Cornbrash specimens taper uniformly from 
base tip. 

Family PTEROSPERMOPSIDAE 
Genus Pterospermopsis Wetzel, 1952 
Diagnosis. Capsule organic matter, globular, with broad 
equatorial flange. 
Pterospermopsis helios sp. nov. 
Plate XIII, fig. 

Diagnosis. species Pterospermopsis having radially folded 
equatorial wing. Ratio breadth wing radius shell 

Description. Capsule circular apical view, broadly ellipsoidal 
lateral view. transparent and brownish colour, devoid 
ornamentation granulation. Equatorial wing broad, slightly 
undulating, with radial folds regularly spaced. Contour wing 
circular but with slight undulations, tending bend slightly between 
each two radial folds. 

Type Specimen. CB74/20/12. Dimensions. Type: diameter shell 
overall diameter The two other specimens seen had almost 
exactly similar dimensions. 

Remarks. the possession radial folds the membraneous wing, 
helios differs from all other species Pterospermopsis and resembles 
microptera from the Lower Tertiary Australia (Deflandre and 
Cookson, 1935). this latter species, however, the wing very much 
narrower, ratio breadth wing shell radius being 

Genus Cymatiosphaera Wetzel, 1933 emend. 1954 


Diagnosis. Shell globular, spheroidal ellipsoidal, the external 
surface divided into polygonal fields membranes perpendicular 
the surface. 

Cymatiosphaera parva sp. nov. 
Plate XIII, fig. Text-fig. 

Diagnosis. species Cymatiosphaera with low number (around 
15-25) polygonal fields demarcated low ridges. Short slender 
spines arise the junctions ridges. 


Description. Shell spherical, yellowish colour, the shell wall being 
thin and not perforate. 
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Type Specimen. CB74/9/11. Dimensions. Type: diameter shell 
height ridges around length spines approx. 
These dimensions are average; specimen seen had shell diameter 
exceeding 

Remarks. The twelve specimens observed corresponding the 
above diagnosis fall into two groups: forms having 17-20 polygonal 
fields, has the type specimen (Text-fig. 8a), and the second group 
having around fields and somewhat shorter, stouter spines, typified 
specimen CB74/11/7 (Text-fig. 85). Nine specimens fall clearly 
into the first group and three into the second; was not, however, 
felt that the difference was sufficiently great warrant nomenclatural 
distinction. 

the existing species Cymatiosphaera, only one shows any close 


TEXT-FIG. 8.—Cymatiosphaera parva sp. nov. (a) Upper and lower surfaces 
typical form (Type spec. CB74/9/11). (6) Upper and lower 
surfaces form with more numerous polygonal fields (Spec. 
CB74/11/7). 

similarity with the new species; this stigmata, from the Lower 

Cretaceous Western Australia (Cookson and Eisenack, 1958). 

parva differs from stigmata its smaller size (only one-half that 

the type stigmata), the lower number polygonal fields present 

(15-25 against and the absence any circular thickening 

the centre fields. 


III. CONCLUSIONS 


Six species dinoflagellates have been recognized the assemblage 
described above. addition those specifically identifiable vast 
number fragmentary dinoflagellates were observed. Gonyaulax 
caytonensis sp. nov. and ?G. cristulata sp. nov. are undoubtedly pre- 
dominant among these, with Pareodinia prolongata sp. nov. and cera- 
tophora var. pachyceras nov. also important, and with ?Gonyaulax 
transparens sp. nov. and Apteodinium sp. rare. probable that other 
genera and species are also represented fragmentary remains. 

The damage the planktonic tests does not seem have been due 
the method preparation, since the same techniques applied 
other rocks varied lithology have yielded assemblages which 
broken damaged forms are relatively few. The process ecdysis 
has probably played some part the damage the dinoflagellate 
however, believed that the greater proportion the damage 
was caused during the deposition the sediments which the fossils 


are contained, especially since the larger fossils tend more severely 
damaged than the smaller. 

The dinoflagellates dominate the fossil microplankton assemblage, 
hystrichospheres forming only about per cent it. This unusual 
the Upper Jurassic Yorkshire; other faunas obtained from the 
Kellaways Rock, the Oxford Clay, and the Osmington Oolite all con- 
tain higher proportion hystrichospheres than 

The hystrichospheres present are very varied type. Baltisphaeridium 
varispinosum sp. nov. was the most abundant single species; species 
Micrhystridium (M. stellatum, inconspicuum and fragile) were 
prominent; new species Cymatiosphaera (C. parva) and 
spermopsis (P. helios) were observed, and few damaged specimens 
Cannosphaeropsis filamentosa were noted. 

Comparison with other assemblages interest since the strati- 
graphic value the fossil microplankton not yet fully established. 
Cannosphaeropsis filamentosa has been previously described from the 
lowest Upper Jurassic Germany and from the Middle Upper 
Jurassic Australia. The three species Micrhystridium have all 
been recorded from the Middle Jurassic France, inconspicuum 
also from the Cretaceous (it not considered that the Palaeozoic and 
Mesozoic stellatum are genetically related); 
varispinosum sp. nov. finds its closest comparison form from the 
Kimmeridgian Southern England (B. polytrichum Downie, 1957); 
and Pareodinia ceratophora, which new variety designated, was 
previously known from the Callovian the Baltic regions and the 
Bajocian France. The microplankton assemblage thus suggests 
stratigraphic position the Middle lowest Upper Jurassic, but does 
not indicate any more precise zonal position. This corresponds with 
the known age the rock determined from other fossils. 
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EXPLANATION PLATE 


caytonensis sp. nov. Holotype, CB74/9/3 ventral 


view. 500 


cristulata sp. nov. Holotype, CB74/3/2 dorsal view, 


500. 
transparens sp. nov. Holotype, CB74/8/4, oblique 


dorsal view. 500 


4.—Connasphaeropsis filamentosa Cookson and Paratype, 


500. 


5.—Apteodinium sp. (CB74/20/9). 500. 

6.—Cymatiosphaera parva sp. nov. Holotype, CB74/9/11. 

8.—Pareodinia prolongata sp. nov. Holotype. 666. 

9.—Pterospermopsis helios sp. nov. Holotype, CB74/20/12. 500. 

10.—Pareodinia ceratophora var. pachyceras nov. Holotype, 


CB74/4/33, and paratype, CB74/4/34. 500. 
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The Southern Upland Fault Ireland 
McKERROW 


ABSTRACT 


The possibility the Southern Upland Fault Scotland con- 
tinuing the west coast Ireland examined critically. 
post-Carboniferous faulting has occurred along this line Ireland. 
cannot connected with any major fault occurring the Lower 
Palaeozoic rocks County Mayo County Galway; and there 
evidence that continues structural line the south-west 
Carrick Shannon. 


INTRODUCTION 


ANY comments Irish geology British authors assume that 
major structures present Scotland, Wales, England extend 
with little change into Ireland. This especially true the 
Southern Upland Fault and the Highland Boundary Fault. Bailey 
and (1938, 44) show both these faults extending from 
Antrim right across Ireland Killary Harbour and North Murrisk, 
respectively. Subsequently Anderson (1948, 186), Charlesworth 
(1953, pp. 10, 49), George (1953, 66), and others have accepted the 
continuation one both these faults. the other hand, the 
Irish Geological Survey does not show either these structures 
continuous faults their published maps and the Southern Upland 
line north-east Ireland never mapped fault. The evidence 
for any extension across Ireland should, therefore, examined closely. 
wish thank Professor Neville George and Dr. Harrison 
for reading the typescript and making helpful suggestions. 


IRELAND 


Wigtownshire, the effect the Southern Upland Fault less 
than elsewhere Scotland: Upper Ordovician rocks occur both 
sides it. This reduction movement associated with the presence 
parallel faults the north Ayrshire. The fault last seen north 
Portpatrick, along line pointing towards Belfast Lough. Around 
Belfast, the Lower Palaeozoic beds are covered Triassic and later 
rocks along their northern margin; and when this emerges 
from the Tertiary lava cover thirty miles south-west the 
Lower Palaeozoic rocks are overlain Carboniferous beus .or 
further sixty miles (Text-fig. 1). Finally, point south-east Carrick 
Shannon, the Ordovician outcrop completely covered the 
Carboniferous. 

The constant strike the Lower Palaeozoic beds this ninety-mile 
stretch suggests similar Caledonian movements here and Scotland, 
but, unlike the Southern Upland Fault (Eyles 1949, pp. 18, 73), 


GEOL. MAG. VOL. XCVI NO. 5 


348 McKerrow— 


there has been 
boniferous faulting this 
line north-east Ireland the 
Carboniferous rocks, where ex- 
posed, rest unconformably 
the Ordovician, and dip north 
however, important controlling 
sedimentation the Carboni- 
ferous period (George, 1958, 
pp. 264-5); Armagh and 
the Carrick syncline (Padget, 
1951; Caldwell, 1958) the Lower 
Carboniferous rocks reach thick- 
ness 3,000 feet within 


miles the Ordovician out- 
crop. 


20 30 
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SCALE IN MILES 


UPPER 


PRECAMBRIAN 


AND GALWAY 


Lower 
through the 
the miles between Carrick 
Shannon and Lough Mask; the 
Lower Palaeozoic rocks the 
western end the Curlew 
Mountains described Cummins 
(1954), lie well the north 
Lower Palaeozoic sediments ex- 
Connemara Schists County 
Galway and the Dalradian rocks 
north-east Murrisk. this 
area that Bailey and Holtedahl 
(1938, 45) say represents the 
Midland Valley [of Scotland] 
which 
stripped the Late Palaeozoic 
covering 

The northern boundary the 
Lower Palaeozoic area faulted 


AND MESOZOIC 


LOWER 
PALAEOZOIC 


TERTIARY LAVAS 


between Antrim and Connemara (from Geological Survey Ireland). 


Rosco 


Text-Fic. 1.—Sketch map the country 
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against the Dalradian and there are some grounds for believing that 
this fault similar the Highland Boundary Fault Scotland, even 
though the connections across Ireland are not very clear. the 
southern boundary there fault: 7,000 feet Silurian sediments 
rest directly the Connemara Schists; but the west, these Silurian 
beds are faulted the north against Lower Ordovician strata. This 
fault north the Silurian the Salrock Fault (Text-fig. 2); has 
been assumed Wager (1939, 349) and McLaren and Miller 
(1948, 220) Bailey and Holtedahl’s continuation the 
Southern Upland Fault, though McLaren and state that 
straightforward comparison with the Midland Valley Southern 
Boundary Fault hardly justified 

The Silurian beds the south the Salrock Fault have been 
described McKerrow and Campbell (1959); they extend for 
distance twenty-eight miles from the mouth Killary Harbour 
through Joyces Country south Lough Mask, where they are 
overlain gently dipping Carboniferous beds. the west the 
Silurian beds dip north between 40° and 50° and the outcrop 
only two miles wide; towards the east they become more strongly 
folded and the outcrop wide four miles Joyces Country. 
this folded region, the lowest Silurian (Upper Llandovery) beds 
appear the north synclinal fold and rest unconformably the 
Arenig rocks the north well resting unconformably the 
Connemara Schists the south. Thus the post-Silurian down-warp 
the north that present west the Maam Valley absent 
Joyces Country. 

some localities the north-east Joyces Country, small local 
faulting seen near the Silurian/Ordovician unconformity 
Gardiner and Reynolds, 1914, 114), but the throw these faults 
never more than 100 feet. 


THE SALROCK FAULT 


The Salrock Fault present the north-west Joyces Country, 
where separates Lower from Upper Ordovician beds the south-west 
Lough Nafooey. Within two miles Lough Nafooey, the fault 
has cut south-west across the strike the Lower Ordovician the 
Ordovician/Silurian boundary the hill, Bunnacunneen; and from 
Bunnacunneen westwards the coast separates the beds the 
two systems (Text-fig. 2). Between Bunnacunneen and Bencraff hill 
the west side the Maam Valley tear faults, two miles south-west 
Leenane), the fault steeply inclined reversed fault; the west 
side Bencraff the inclination the north decreases from 70° 40°. 
Westwards the Salrock Fault again shifted north-west dextral 
tear fault the Salrock Pass, south the mouth Killary Harbour. 
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Although this pass has been eroded along the fault-plane, exposures 
the fault are not good, but the north shore Killary Bay Little, 
south Killary Harbour, Arenig grits are clearly exposed thrust over 
Wenlock shales and sandstones the Salrock Group. the 
Salrock Fault dips north between 20° and 30° from the horizontal. 

the north the fault, the Arenig grits are relatively little disturbed, 
though they are cut several north-west faults and there are some 
contortions the Salrock Pass; their dip generally constant 
about 50° the north. The north-west faults also cut the Salrock 
Group (good exposures south Killary Bay Little show they are 
dextral tear faults), but these less competent Silurian beds also show 
considerable folding the vicinity the thrust plane. The amplitude 
the folds increases from few feet the west several hundred 
feet near Salrock House this indicates that there was greater 
horizontal movement from the north the Salrock Pass area than 
there was further west. The Salrock Pass is, therefore, the site the 
maximum southward movement along the line the Salrock Fault. 
the subsequent movements along the north-west tear faults are 
disregarded, the distance along the fault line from the Salrock Pass 
Lough Nafooey only miles. Though important Connemara, 
the Salrock Fault would thus appear merely local extent. 

The Salrock Fault does not continue due east Lough Nafooey. 
Lower Palaeozoic rocks crop out for six miles between the lough and 
the Lower Carboniferous overstep and they show sign any 
major fault continuing eastwards along the line suggested Bailey 
and Holtedahl (c.f. Gardiner and Reynolds, 1912, 1914). However, 
north-easterly fault appears the one-inch Geological Survey 
maps (nos. and 84), about miles north-east the west end 
Lough Nafooey. While possible that this may continuation 
the Salrock Fault, they both cut Ordovician rocks and have the same 
trend, its north-easterly direction continues the east some cross 
faults Glensaul, and lies line towards the Curlew Mountains. 
Therefore, the Salrock Fault does continue the north-east, 
not likely linked the Southern Upland Fault. 

addition the fact that the Salrock Fault diminishes the east, 
and the possibility that may continue north-easterly direction 
pass well north the Southern Upland line, there are three other 
important features which distinguish from the Southern Upland 
Fault first, the post-Silurian effect the Salrock Fault has been 
overriding older beds from the north; secondly, during the Silurian 
the land mass the Connemara Schists lay the south the Salrock 
Fault line and probably extended within few miles it—no 
Silurian land mass existed close the south the Southern Upland 
Fault; and thirdly, there evidence suggestion that there has 
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been movement along the Salrock Fault after Carboniferous times 


(structures similar those that cut the Salrock Fault are overlain 
the Carboniferous Limestone). 


CONCLUSIONS 


may thus concluded that the Salrock Fault and the Southern 
Upland Fault are neither similar nor connected. The Southern Upland 
Fault continues structural line far the south-west Carrick 
Shannon, but Ireland does not display any post-Carboniferous 
faulting. cannot connected with faults occurring the Lower 
Palaeozoic Galway Mayo, its possible continuation south-west 
Carrick can only determined geophysical survey, bore-holes, 


other means detecting through the Carboniferous cover Central 
Ireland. 
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Replacement Veins the Dahomeyan Ghana 


BuRKE 


(PLATE XIV) 


ABSTRACT 


basic gneiss Ghana traversed light veins which are 
considered have originated replacement because gneissic 
mineral banding persists through them. Veins make per 
cent the rock over hundreds square miles. appears that 
very large amount material has been transported through the 
basic rocks without destroying their gneissic structure. 


INTRODUCTION 


Dahomeyan, the oldest division the Pre-Cambrian West 
Africa, has been described Roques (1949, 1951), Bates (1954), 
and Aicard and Pougnet (1954). 

Junner and Bates (1945) sub-divided the rocks now referred the 
Dahomeyan Ghana into four groups (Text-fig. 1). From west 
east these are: acid gneisses, which include variety meta- 
sediments and, near Kpong, nepheline gneiss facies; belt basic 
gneiss; second belt acid gneiss and another belt basic gneiss. 
The replacement veins occur the western belt basic gneiss which 
well exposed inselbergs several places along its strike. Most 
the observations discussed this paper were made the Shai Hills 
some miles north-east Accra (Text-fig. 2). 


THe Basic 


Von Knorring and Kennedy (1958) have described the mineralogy 
the basic gneiss which typically coarse hornblende-plagioclase 
(An,;)-scapolite-garnet rock which plagioclase- and hornblende-rich 
bands about inch thick alternate. Small garnets occur either band 
being more common the plagioclase and larger garnets, 
inches across, form augen. Crystals clinopyroxene are common 
association with the hornblende. Coarser and finer variants this 
facies occur. 

Three-quarters the gneiss typical facies: the rest very 
varied. The commonest variant hornblende-plagioclase rock 
without garnets which occurs flat lenses and bands the normal 
gneiss. nearly monomineralic layers and lenses 
are also common; hornblende bands feet thick, plagioclase 
bands feet thick, and garnet bands foot thick all occur. 
Bronzitic hypersthene associated with the clinopyroxene some 
the hornblende-plagioclase rocks and, less often, the hornblende- 
plagioclase-garnet rocks. 
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The variants commonly form thin layers the typical gneiss but 
hypersthene-clinopyroxene rocks, locally with chromite, also occur 
larger bands and lenses which are conspicuous the field because 
they support only poor vegetation. lens this material the 
Shai Hills half mile long and bands similar rock east Krobo 


CRETACEOUS RECENT 
(DEVONIAN) 


TOGO SERIES 


DAHOMEYAN 
ACID GNEISS 


DAHOMEYAN 
BASIC 
GNEISS 


20 23 
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TEXT-FIG. 1.—Map and section the Dahomeyan Ghana after the 
million map the Geological Survey. The dashed line shows 
the position the area shown Text-fig. 


mountain miles the north have been followed more than miles 
along the strike. The hypersthene-clinopyroxene rocks are unfoliated 
except where they contain sieve-textured hornblende crystals which 
mark foliation concordant with that the gneiss. 

The mineral facies the Shai Hills rocks discussed detail 
von Knorring and Kennedy (op. cit.). They show that the garnet 
eclogitic and the clinopyroxene somewhat omphacitic (10 per cent 
jadeite) while the plagioclase and hornblende are characteristically 
minerals the amphibolite facies. They propose (p. 845) 
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sketch-map the Shai Hills area. 
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recognize two mineralogically similar amphibolite 
characterized the association garnet-pyroxene-hornblende, and 
represented the almandine-diopside-hornblende sub-facies the 
one hand, and the gneisses the Shai hills the other. These are 
considered transitional the granulite and eclogite facies 
respectively, and are distinguishable only the basis mineral 
chemistry 

Discussion phase petrology outside the scope this paper 
but worth noting that the occurrence rocks with hypersthene 
especially the hornblende-plagioclase- 
pyroxene rocks indicates that the mineral facies status the Shai 
Hills rocks may well more complex than von Knorring and 
Kennedy have suggested. 

The structure the basic gneiss appears simple. The foliation 
dips generally south east angles about degrees. Horn- 
blendes are lineated south-south-easterly direction the plane 
the foliation. Contacts between the various facies the gneiss 
are concordant all scales. This clearly shown small scale 
hornblende-plagioclase lenses the hornblende-plagioclase-garnet 
rocks and mappable scale the bands two-pyroxene rock. 

Lenses the basic gneiss the surrounding acid rocks also have 
foliations concordant with their country rocks. 

Although isoclinal folds have been recognized the basic gneiss 
these structures are common neighbouring rocks and the tectonic 
style the basic gneiss with its coarse banding, its lineated horn- 
blendes, and the lenticular shape its component units indicative 
intense movement parallel the foliation during crystallization. 


The basic gneiss cut very numerous light veins which those 
shown Plate XIV are typical. The veins are composed plagio- 
clase, scapolite, hornblende, and garnet which are the same 
composition the normal gneiss. The difference between the 
veins and their country rock that the veins contain much higher 
proportion light minerals. The widest veins are about feet across 
while the smallest measure fraction inch. Veins may make 
any angle with the foliation and preferred orientation their 
strike has been observed. 

remarkable feature that the gneissic mineral banding persists 
through the veins, being marked hornblende crystals much larger 
(maximum dimension inches) but much less numerous than those 
the gneiss (maximum dimension inch). 

The vein hornblendes are not lineated like those the gneiss and 
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the garnets are small, about inch diameter, and clustered the 
sides the veins. 

These veins have been recognized widely separated localities and 
they seem present throughout the gneiss. Estimation the 
proportion vein gneiss has proved difficult because natural 
exposures are too small too inaccessible measure and working 
quarries are strewn with dust. suitable surface some 700 square feet 
area was found recently abandoned quarry and the proportion 
vein gneiss over this surface estimated fixing grid 
transparent squared paper over photograph the quarry face. 
The grid produced this way corresponds inch grid the 
rock. 4,725 points the grid 90-5 per cent were over gneiss 
and 9-5 per cent over vein. Over the area the Shai Hills the 
abundance the veins roughly constant and seems from less 
complete observations elsewhere that veins make about per 
cent the rock over much the basic gneiss outcrop. The only 
facies which veins have not been recognized the two pyroxene 


IV. ORIGIN THE VEINS 


Absence abrupt margins, lack parallelism between sides, and 
absence offsets oblique intersections have been cited 
characteristic features replacement veins (Goodspeed, 1940). These 
features are shown the light veins the Shai Hills but similar 
structures can sometimes found displacement veins (e.g. Wells 
and Bishop, 1954) and their presence, though strongly suggestive 
replacement, cannot regarded conclusive evidence the origin 
the veins. 

The persistence the gneissic foliation through the veins more 
significant. This can interpreted one two ways. Either the 
veins were the rock before the foliation was imposed, which 
case the veins are probably dilation veins, they traversed the already 
foliated rock without destroying the foliation, which case they are 
replacement veins. 

Although clear that metamorphic planar structures can 
produced variety ways (see, for instance, discussion 
Turner and Verhoogen (1951), pp. 560-4) modern opinion seems 
unanimous (e.g. idem, 61) regarding intense movement parallel 
the plane the foliation being essential the formation 
coarse gneissic banding such exists these Dahomeyan basic rocks. 
Movement parallel the plane the foliation seems necessary 
both produce the symmetry the fabric and separate the gneiss 
mechanically into layers different composition. the veins could 
not have retained their identity during intense movement parallel 
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the plane the foliation concluded that they developed the 
gneiss after the imposition the banding, i.e. they are replacement 
veins. 

The identity the minerals the veins and the country rock 
indicates that the replacement took place under conditions similar 
those which governed the development the assemblages the 
basic gneiss. Most probably the veins were formed slightly later than 
the crystallization the gneiss but during the same thermal maximum. 


saber 


SCALE FEET 
3.—Sketch replacement vein showing folding. 


Structures within the veins indicate that although the intense shearing 
stress needed produce the foliation had died away the gneiss was 
being deformed slightly during the growth the veins. Small 
displacements the veins parallel the foliation, like those 
Plate XIV, fig. are common and where numerous give rise 
gleitbrett folds (Schmidt, 1932, pp. 

Text-fig. shows example gleitbrett folding which indicates 
not only that shearing stress acted the veins but also that the 
material the veins was less rigid than the gneiss during the resulting 
movements. those parts the fold which there has been move- 
ment the foliation the veins tilted while elsewhere runs straight. 
The lack linear orientation the hornblendes the foliation 


~ 
~ 
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the veins perhaps indication that whatever shearing stress 
there was during the growth the veins was relatively small. 

The development replacement veins forming per cent 
the rock over hundreds square miles implies the removal 
large quantities mafic material. There little evidence the 
whereabouts this material and exposure the critical areas close 
the acid gneiss contacts bad. Mafic material may have been 
redistributed within the gneiss and possibly found the 
vein-free two pyroxene rocks thin veins hornblende and 
garnet which locally traverse the gneiss. 


CONCLUSION 


Veins the basic gneiss the Ghana Dahomeyan appear have 
been formed replacement vast scale. The internal structure 
the veins indicates some mobility the vein material relative 
the country rocks during formation. The material removed the 
replacement has not been located but may have been redistributed 
within the basic gneiss. 
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DESCRIPTION PLATE XIV 


REPLACEMENT VEINS THE DAHOMEYAN GHANA 
Fic. 1.—The light vein cuts obliquely across the foliation the basic gneiss, 
Large hornblendes mark the foliation within the vein. The absence 
abrupt margins and lack parallelism between sides which are 
typical replacement veins are shown. 
Fic. 2.—A vein which only slightly oblique the foliation. 


Fic. 3.—Replacement veins showing small displacements the type which 
give rise gleitbrett folds. 
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the Origin and Occurrence Basic Bodies 
Associated with Discordant Bathyliths 


GERMAINE JOPLIN 


ABSTRACT 


suggested that the rock-suite, characteristic the discordant 
bathyliths and ranging composition from ultrabasic ultra- 
acid, formed from two magmas, basaltic and granodioritic, 
that the basic rocks are emplaced among the geosynclinal sediments 
before the introduction the acid magma, and that intermediate 
rocks are hybrids. Further, suggested that hybridization takes 
place two stages: first, reaction between basic rocks and 
water and carbon dioxide, released from sediments result 
deep-seated metamorphism, and rising advance the acid 
magma; and secondly, the magma itself. The first intrusions 
carry shattered country rocks and are stock-like bodies, and these 
are followed successive emplacements granodiorite, the 
earliest which envelop most the stocks and are thereby 
hybridized form tonalites. Only those stocks near the margins 
the later intrusions are preserved, and hence occur satellites 
about the larger more acid bodies. 

The order intrusion, the grainsize the basic hybrids, and 
the occurrence hornblende discussed and concluded that 
dioritic rocks and dioritic magmas originate high level the 
geosynclinal pile. 


INTRODUCTION 


URING recent trip abroad the writer has had the opportunity 

examining number basic bodies associated with discordant, 
transgressive bathyliths, and has been impressed the similarity 
their occurrence, and the constancy and variety their rock- 
assemblages. 

Such bathyliths are sometimes referred plutonic complexes, 
because rock-types range composition from ultrabasic ultra-acid. 
Basic members, however, make relatively small part the 
bathylith, and normally occur small satellitic bodies around larger 
masses tonalite granodiorite. The presence basic xenoliths 
adjacent granitic rocks, and the sporadic occurrence areas crowded 
with xenoliths within tonalites granodiorites, are common features. 

the purpose the present paper compare some the 
occurrences these basic bodies, and attempt explain their 
origin and their satellitic distribution. 


FIELD OCCURRENCE 
New South Wales satellitic basic bodies have been described 


from the South Coast (Brown, 1928) the margin the Moruya 
bathylith from Hartley (Joplin, 1931, 1933, 1944), and from Ben 
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Bullen (Joplin, 1936) the margin the 
and from the Snowy Mountain region (Joplin, 1957) the margin 
unmapped bathylith which partly concordant and possible 
Silurian age. 

Many similar masses occur associated with granodiorite tonalite 
the Devonian Scotland (Dakyns and Teall, 1892; Wyllie and 
Scott, 1913; Bailey and Maufe, 1916; Walker, 1928; Nockolds, 
1934, 1940; Deer, 1935; Anderson, 1936, 1937; Bailey, 1958), 

Ireland such rocks occur stocks bordering granodiorites 
Donegal (Pitcher and Read, 1952; Akaad, 1956; French and Pitcher, 
1959), and Antrim the border the Newry granodiorite 
(Reynolds, 1934). 

France norites are similarly disposed granite the coast 
Brittany (Thomas and Smith, 1932), and near Lyon Central France, 
Peterlongo (1958) has mapped several such satellitic masses. 

the Yosemite Valley California, diorites and gabbros bear the 
same relation granitic rocks (Matthes, 1930), and the bathylith 
Southern California about hundred small basic bodies are 
recorded, and make per cent the total areal extent the 
bathylith (Larsen, 1948). 

Within the basic bodies rock rypes grade one into another, and 
xenoliths and veining are common features. Because this intimate 
relationship, difficult map separate entities. some places 
(Joplin, 1933; Nockolds, 1940) this has been possible very 
large-scale map, but internal boundaries are rarely sharp and reference 
the petrography indicates merging one type into another. Hence, 
Nockolds has mapped dominant types Garabal Hill, yet makes 
frequent reference the existence all gradations between one 
type and another, and his xenolithic diorite distinguishes ghost- 
xenoliths. Regarding the matter gradation, Miller (1937) has said 
the South Californian occurrence, The rocks included the San 
Marco gabbro cover wide range composition and texture within 
the gabbro family. Yet there almost complete gradation between 
the principal rock-types, and these types are intimately associated 
the field that not practicable map them separate units.” 
The hornblende-gabbro and diorite the Yosemite Valley have also 
been mapped composite units bordering several the granitic 
masses, and Calkins (Matthes, 1930) has pointed out that “an 
extremely variable rock, not only colour, but texture and composi- 
The present writer would add that Yoesmite xenoliths are 
numerous adjacent granites and that ghost-xenoliths are common 
the diorites. Calkins also states, the rock resembles 
basaltic and again says, the age some the gabbro 
and diorite intrusions relative the other rocks still obscure.” 
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These last two significant remarks will referred again when 
attempt made account for the origin these rocks. 

Although ultrabasic and basic rocks may form relatively large masses 
within the stocks, they commonly occur veined xenoliths diorites 
monzonites. Very large hornblende crystals develop along veins 
(Deer, 1937; Joplin, 1939, 1957) and thereby brecciated pyroxenite 
changed hornblende-pyroxenite and thence hornblendite, and 
pyroxene-gabbros finally become hornblende-gabbros. Whilst all 
stages replacement may observed the field, rarely possible 
follow continuous process any one part the mass. 
certain areas biotite replaces pyroxene (Reynolds, 1934; Deer, 1935) 
and hornblende may may not present. Though these veins are 
distinct, their contacts are not sharp those later granitic 
veins associated with the larger bodies tonalite granodiorite. 
Anderson (1937) emphasized this distinction his description the 
Ben Cruachan though was discussing slightly more acid 
members the Etive Complex. 

Pertinent field observations concerning the basic bodies are— 


They commonly occur steep, sharp contacts against 

country rocks. 

They are satellitic around larger intrusions tonalite granodiorite, 
and may occur just within short distance away from the 
margin. 

The granodiorites and tonalites are later intrusions, with sharp con- 
tacts against the basic rocks and often vein them. 

These granitic rocks are the latest major intrusions the particular 
region and are sometimes designated younger They 
are associated with only moderately folded rocks and are trans- 
gressive, they have also been referred subsequent 

the basic stocks, ultrabasic and basic rocks normally occur large 
blocks xenoliths within diorite monzonite and are commonly 
veined. Large crystals hornblende, and less commonly biotite, 
develop along the veins the basic xenoliths. 

There are two generations veins, one intimately associated with the 
basic rock and often dioritic composition, the other with sharper 
contacts and related the later granitic intrusions. 

Boundaries between the various rock types within the basic intrusions 

are usually gradational. 

Lamprophyres, usually containing carbonates, appear connected 
with the earlier basic intrusions, but paradoxically cut the later 
granites. 


w 


wa 


os 


Rock Surres CHARACTERISTIC THE BASIC INTRUSIONS 
indicated above these rocks are always associated with tonalites, 
granodiorites, granites, aplites and pegmatites, and although there 
are many basic types they make only relatively small part the 
plutonic complex. 
unnecessary list types from all the localities mentioned above, 
but few from different parts the world will show that, though 


> 
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there great variety rock-type, they comprise suite great 
uniformity. 

Among the Scottish intrusions Devonian age, Bailey and Maufe 
(1916) have recorded cortlandites, kentallenites, hornblendites, 
appinites, monzonites, augite-diorites and lamprophyres from Glen 
Coe; and from Garabal Hill, Nockolds has described pyroxenites, 
peridotites, hornblendites, hypersthene- 
pyroxene-mica-diorites and appinites; and the same assemblage 
occurs other Scottish complexes discussed Bailey (1958). 

the Newry complex Northern Ireland, Reynolds (1934) has 
described peridotite, biotite-pyroxenite, hornblende-biotite-pyroxenite, 
augite-biotite-diorite, quartz-diorite, augite-monzonite, hypersthene- 
monzonite, and hypersthene-diorite. 

the San Marco gabbro Southern California, Larsen (1948) 
records olivine-norite, olivine-gabbro, 
biotite-bearing norites and gabbros, hornblende-gabbro and 
and the Snowy Mountains New South Wales pyroxenite, horn- 
blende-pyroxenite, hornblendite, hornblende-gabbro, diorite, olivine- 
bearing monzonite, porphyrite and mica- and hornblende-lambrophyres 
have been recorded (Joplin, 1957). 

Although olivine and pyroxene are present the more basic types, 
hornblende the most common femic mineral this rock-suite, and 
occurs not only intermediate rocks, but also acid, basic, and 
ultrabasic types, hornblende-biotite-granite being more common than 
biotite granite, and hornblende-gabbro more common than pyroxene- 
gabbro, whilst hornblende-pyroxenite and hornblendite are usually 
present small amount. certain places, such Newry, Southern 
California, and parts the Snowy Mountains area, biotite also 
prominent some ultrabasic basic rocks. 

Bailey and Maufe (1916) used the term appinite describe dioritic 
rock unusually rich hornblende Appin Loch Linnhe. Holmes 
(1920) defines group term for melanocratic varieties 
syenite, monzonite diorite which are rich hornblende; like the 
vogesites and spessartites which appinite regarded the 
plutonic’ equivalent 

According this definition might said that the appinitic suite 
the characteristic one the basic satellites. 


HYBRIDIZATION VERSUS DIFFERENTIATION 
Observations suggesting hybridization—Apart from veining and 
brecciation and the almost complete gradation one type another, 
these rocks, when examined microscopically, show peculiar states 
mineralogical disequilibrium. Thus monzonites, and some the 
more basic types, may contain olivine, orthohombic and mono- 


Basic Bodies and Discordant Bathyliths 365 


clinic pyroxene, hornblende and biotite; and though rare find 
single crystal olivine surrounded all four members this 
discontinuous reaction series, all minerals may occur within the 
compass single rock-slice, and not uncommon find three 
them moulded one upon the other. Accompanying plagioclase, 
though zoned, does not show continuous reaction series. the 
Snowy Mountains, monzonites contain cores labradorite with rims 
oligoclase, and andesine forms independent crystals later 
generation. Garabal Hill, Nockolds records oscillatory zoning 
Newry, Reynolds observes andesine and oligoclase-andesine rocks 
very basic composition. Most members this rock-suite contain 
sphene and are very rich apatite, and associated lamprophyres 
usually contain carbonates and other secondary minerals. 

these peculiar features were the result differentiation, would 
necessary postulate some unique temperature condition 
explain them, but, because they are common and widespread, 
impossible this. They might explained, however, 
assuming that attenuated granodioritic magma very rich water 
and other volatiles, penetrated and reacted with fractured basic rocks 
with partially crystallized basic magma. The field evidence 
further supports this conclusion. 

Others have suggested hybrid origin for some these rocks. 
Reynolds (1934) postulated biotite-pyroxenite magma and plagio- 
clase magma the parents the basic rocks Newry, and Nockolds 
(1934) and Deer (1935) described hybrid and contaminated rocks 
associated with tonalites Scotland. interesting note that 
Deer states, The process contamination fact has not been 
carried our complete magma—but partial Although 
these authors consider that some the dioritic types have hybrid 
origin, and Deer doubtful about the status the tonalite, they 
assume that there have been successive injections differentiates from 
intratelluric reservoir. Furthermore, both authors describe features 
characteristic two periods hybridization, but not distinguish 
between them. 

Observations suggesting differentiation—At several places within 
the Etive and Ben Nevis Complexes Anderson 1935, 1937) has, 
observed gradual increase acidity towards the top the intrusion, 
and has interpreted this differentiation situ; conclusion with 
which the present writer wholly concurs. 

Nockolds (1940) considers that the Garabal Hill suite forms 
differentiation series, and that the parent magma was pyroxene- 
diorite. argues, first, that pyroxene-andesites are the most abundant 
lavas the volcanic suite associated with these plutonic rocks, and 
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second, that all analyses these rocks, including pyroxene-andesites, 
fall straight lines when plotted variation diagram, and that 
contaminated rocks not. 

might argued, however, that the volume rhyolite and dacite, 
indicated the vast thicknesses welded tuff many parts the 
world, may compare with the volume pyroxene-andesite may even 
exceed it. acid magmas are highly explosive, geosynclinal sediments 
throughout geological time have probably received contributions 
acid ash and pumice, and unless these scattered pyroclastic materials 
can taken into account, impossible assess the relative volumes 
the different lavas. 

Whilst agreeing with Nockolds that contaminated rocks not fall 
upon straight lines variation diagrams, has been shown that 
cognate hybrids behave members differentiation series (Joplin, 
1933; Deer, 1935). later contribution will suggested that the 
basic and acid parents these rocks were ultimately derived from the 
same primaeval magma; hence, reaction between basic rock and acid 
magma accord with the behaviour early formed crystals 
resorbed during the process crystal fractionation (Bowen, 1922 
and 

Whilst disagreeing that all members the appinitic suite, and 
granodioritic types associated with it, are derived from dioritic 
magma, and that differentiation has taken place intratelluric 
reservoir, the writer believes that there has been limited differentiation 
situ hybrid dioritic magma, and that this magma has originated 
high level the crust. Such hypothesis can account for many 
the observed phenomena. 


ORIGIN AND DISTRIBUTION THE BASIC 


suggested that slowly rising granodioritic magma preceded 
water and volatiles carrying limited amount attenuated magma, 
and that these react with basic materials, already present among the 
geosynclinal sediments, give hornblende-rich suite without 
significantly changing the chemical composition the original basic 
rocks. Later these hornblende-hybrids are invaded several separate 
intrusions granodiorite, emplaced over period geological time. 
result further hybridization takes place, and the earlier grano- 
diorites are basified form tonalites and quartz-monozonites. 

Basic rocks the sedimentary study geosynclinal sedi- 
ments shows that basic lavas, usually spilitic composition, have 
been outpoured during the building the sedimentary pile, and 


The writer distinguishes hybrid rock formed incorporation 
basic igneous rocks, and contaminated rock one which has assimilated 
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that they are commonly accompanied sills and dykes similar 
composition. Furthermore, large differentiated sills laccoliths, 
containing series ultrabasic and basic rocks, may occur. Serpen- 
tinites, are common among geosynclinal sediments, and 
believed that they are early pre-granite intrusions. 

Hence considerable amount basic and ultrabasic material might 
expected occur the sedimentary pile, well impure lime- 
stones and dolomites that may have comparable composition. 
Emplacement Stocks and Formation First Generation Hybrids.— 
the geosyncline sinks, deep-seated rocks become metamorphosed 
hydrous minerals are changed anhydrous, and carbonates are 
silicified with concomitant release water and carbon dioxide. This 
disturbs the equilibrium between load and fluid pressures, and the 
fluids make their way upwards carrying with them attenuated 
granitic magma, the origin which will discussed later con- 
tribution. When these fluids reach level where their pressure exceed 
that load, violent explosion ensues, and stocks, carrying fractured 
fragments country rock, rise the surface, high levels the 
sedimentary pile. Pitcher and Read (1952) and French and Pitcher 
(1959) have described such stocks Donegal, intrusion-breccias 

the stocks fail reach the surface, and therefore have external 
orifice, circulation might set envisaged Holmes (1931), 
and this small chamber, high level the crust, hybridization 
and differentiation might promoted and facilitated the con- 
centration volatiles. These would especially active near the roof 
the intrusion. such intrusion encountered ultrabasic basic 
rocks, impure carbonate sediments, its upward passage, 
were emplaced with roof these materials, reaction would produce 
series rocks ranging from ultrabasic dioritic. Many the 
changes, such the formation large hornblende crystals along 
veins and cracks, could brought about the addition only 
little silica the presence water (Joplin, 1939), but other rocks, 
such the monzonites and biotite-rich types, indicate that both silica 
and alkalies have played part. Although water and other volatiles 
take some part these reactions, probable that fluid pressure, 
particularly water pressure, has great influence the formation 
this hornblende-rich hybrid suite. 

Aqueous solutions alkaline silicates, charged with volatiles, may 
tend concentrate towards the top the stock and thus give rise 
more acid types, such those observed Anderson the Etive and 
Ben Nevis Complexes. 

some places stocks may break through bodies incompletely 
consolidated basic magma with the formation intermediate 
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hybrid magma. This might poured out the surface, remain 
the stock, intruded higher level small laccolith where 
differentiation may take place from hybrid diorite magma. 

likely that large number stocks will arise advance the 
incoming granodiorite magma, and though the chances are that many 
them will encounter basic materials their upward passage, many 
will not. Those containing mainly water and volatiles, and very little 
attenuated magma, will probably have little effect the sedimentary 
rocks except shatter them, and may form intrusion-breccias, such 
those Donegal. Others containing more magmatic material may 
emplaced small bosses alkai-rich granite, which sedimentary 
xenoliths may occur all states resorption may entirely absent. 

Introduction Granodiorite and Formation Second Generation 
uprising granodiorite magma finally emplaced 
number separate intrusions covering considerable period 
time (Curtis, Evernden, and Lipson, 1958). they rise the wake 
the earlier formed stocks they envelop them, and only those stocks 
that are the edge the later intrusions bear testimony their 
former existence. Sporadic concentrations xenoliths within grano- 
diorite and tonalite probably represent incompletely incorporated 
basic stocks, and scattered patches abnormal types granodiorite 
tonalite may represent the ghosts others. small patch 
within the Dhoon granite the Isle Man (Nockolds, 1931) possibly 
has such origin. 

The later granitic rocks show sharp contacts against the remaining 
basic stocks, which now appear arranged around them 
satellites. The quartzo-felspathic veins, commonly cutting the basic 
stocks, belong this second period hybridization, which the one 
most often noticed and described those studying the process 
hybridization. Effects are very local, however, and though many 
studies have been made these veins and the xenoliths enclosed 
within the granitic rocks, most workers have concluded that such 
processes have had relatively little effect the production the 
rock-suite commonly occurring the plutonic complexes. 

The present writer considers that the first intrusions granodiorite 
magma incorporate most the stocks, and though studies xeno- 
liths, the margins such bodies, have shown that assimilations 
not significant, seems likely that towards the centre the mass, 
where cooling slower, the stocks are more completely mechanically 
incorporated several methods suggested Nockolds (1933), and 
the finer subdivision this solid material could lead more profound 
chemical reaction and assimilation. mentioned above such 
explanation could account for the extremely heterogeneous composi- 
tion most tonalites and quartz monzonites. 
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series modal analyses, and study the relative variations 
between quartz and biotite, rocks from the Southern Californian 
bathylith, Chayes(1956) concludes that the tonalite hybrid formed 
“by the mechanical mixing previously solidified gabbro and 
granodioritic Deer (1935) also inclines the view that the 
tonalite Cairnsmore Carsphairn hybrid. 

Later intrusions granodiorite may pick few stocks still 
remaining, and though their number would not sufficient cause 
any profound modification the magma, they still may account for 
the slight heterogeneity some intrusions. 

indicated above, some stocks may form small masses alkaline 
granite, and these are incorporated the larger intrusion they may 
account for the more acid patches that may occur tonalites 
granodiorites. they would consist the lowest melting phases 
the granitic magma, contacts would not sharp and likely that 
they may completely incorporated. the cooling large mass 
granodiorite would extremely slow, possible that the more 
acid types, which form very small volume the total complex, are 
local differentiates. Aplites and pegmatites appear represent 
residual fraction. 

Basic dykes, such dolerites, porphyrites, and hornblende lampro- 
phyres commonly cut the granodioritic rocks, and assumed the 
basic members the complex are early differentiates from intra- 
telluric reservoir, their occurrence paradox, not easily explained. 
If, however, assumed that there basic and acid magma, and 
that the gabbros and diorites are hybridized earlier basic rocks, 
possible that later independent intrusion basic magma would form 
dolerite dykes the granodiorite were completely solid and that 
heterogeneous porphyrites may develop some fluid quartzo-feld- 
spathic material still remained. Hornblende lamprophyres, which 
normally contain carbonates and appear belong the appinite 
may represent gas charged residual liquids trapped basic 
stocks that have not been incorporated the later granodioritic 
magma. 

ORDER INTRUSION 

Despite the fact that many the types making the plutonic 
complexes appear hybrids, field relations indicate sequence 
which could interpreted normal order intrusion from basic 
acid. 

Although postulated that hybrids arise from two independent 
magmas, basic and acid, still suggested that basic and ultra- 
basic materials were emplaced first, hornblende-hybrids the first 
generation form network veins through these rocks and often 
isolate blocks them and thus gives the impression that they have 
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been threaded diorite and engulfed dioritic magma. These 
rocks turn are veined and engulfed tonalites, which are believed 
represent granodiorite magmas mechanically basified. Later 
granodiorites show sharp contacts against these, and more acid types 
may accounted for normal processes differentiation. 


GRAINSIZE THE BASIC 


the basic hybrids are formed from basic rocks picked 
the sedimentary pile, original materials may range from coarse 
plutonic types, derived from differentiated laccoliths, fine-grained 
spilitic basalts, and metamorphosed impure carbonates variable 
granisize. 

has been suggested (Joplin, 1935) that coarse plutonic rocks may 
changed fine-grained xenoliths processes metamorphism 
and hybridization, and that early stage hybridization 
characterized the development large poikilitic crystals horn- 
blende which later develop small criss-cross flakes biotite. 1935 
the writer did not realize the significance this observation, but 
now believed that the early development large hornblende crystals 
takes place during the first period hybridization, when water the 
most active agent reaction, and that these first hybrids tend become 
coarser rather than finer grain. 

the original basic rock were coarse plutonic type, derived from 
differentiated laccolith, its grainsize may not much altered 
hybridization, but should have been fine grained volcanic rock 
will become coarser, and the coarse material will first develop along 
veins and finally replace the whole rock. Because the overall coarse 
grain these rocks, they have been regarded basic end-members 
series plutonic differentiates, but close field observation reveals 
heterogeneous grainsize, and the occurrence fine-grained rocks, 
veined coarse hornblendite, suggests possible volcanic origin. 
Calkin (Matthes, 1930) has made the significant statement that some 
the basic rocks Yosemite resemble basaltic lava 


OCCURRENCE HORNBLENDE 


Many years ago Professor Warren Carey observed (personal 
communication) that hornblende was very abundant basic rocks 
orogenic belts and virtually absent those from stable regions, and 
more recently Bailey (1958) has drawn attention the fact that 
Scotland, igneous rocks the Devonian differ from those the 
Tertiary with regard their hornblende content; attributes this 
the presence water the Devonian magma. 

With Bailey’s explanation the writer would strongly concur, but 
would add that this points also different tectonic environment, 
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the Devonian rocks being true orogenic suite, and the Tertiary 
non-orogenic one. The fact that basement rocks are often exposed 
the Tertiary province, that there great thickness Tertiary 
sediments, and that granite intrusions are sheet-like rather than 
subjacent all point the conclusion that this not orogenic 
region. 

Tholeiites and olivine basalts are the characteristic basic rocks 
the non-orogenic regions, and olivine and pyroxenes are the typical 
femic minerals lavas, minor intrusions and great layered plutonic 
bodies alike. Even acid granophyres and granites associated with 
tholeiites commonly contain pyroxene rather than hornblende. 
the orogenic belts, however, the stable femic hornblende 
and biotite, basic rocks being exceptionally rich hornblende. 

the non-orogenic regions the forms igneous rocks are typically 
those relatively shallow burial, which suggests that olivine and 
pyroxene are stable low pressures, and this idea supported the 
occurrence pyroxene and the resorption hornblende phenocrysts 
andesitic lavas orogenic belts. Nevertheless, pyroxenes are stable 
very deep-seated rocks such those the granulite and eclogite 
facies, the critical factor appears water pressure and not 
load pressure. 

tectonic conditions during the early stages geosynclinal sinking 
possibly resemble those the non-orogenic areas, basic lavas and 
shallow intrusions within the geosyncline might expected contain 
olivine and pyroxene. the geosyncline continued sink the earlier 
basic rocks would reach level where water pressure equalled load 
pressure and they would probably metamorphosed amphibolites, 
but higher levels further basic materials, containing olivine and 
pyroxene, would continue emplaced. 

Since the basic parents the hornblende-hybrids contain olivine 
and pyroxene and these minerals are not varieties characteristic 
the very deep-seated zones, concluded that they have been derived 
from relatively high level the geosynclinal pile, above level 
where amphibolites might expected occur. mechanism has 
been suggested which water, under pressure, might rise and thus 
bring about amphibolization pyroxene high levels. The fact that 
the basic stocks containing the hornblende hybrids are associated with 
only moderately folded rocks and with transgressive, discordant 
bathyliths further supports high-level origin. 

possible further, and suggest that pyroxene-andesites 
may formed when such stocks penetrate bodies only partly 
crystallized basic magma, then high-level origin may account for the 
relative abundance this magma type the surface and among the 
higher level intrusions. 
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Metamorphic Segregation Structures from Rosguill, Eire 


KNILL 


ABSTRACT 


Rafts semipelitic rock, included within granitic body, contain 
segregations microcline, biotite, cordierite 
These structures appear have resulted from process localized 
metasomatic rearrangement. 


following account description some metamorphic 
segregation structures which have been found semipelitic 
rocks from the Rosguill peninsula, Co. Donegal. These structures 
appear unique that, the author’s knowledge, similar 
segregations have not been previously described from metamorphic 
Rosguill consists sequence folded Dalradian rocks into which 
series granitic bodies have been emplaced the segregations 
occur within rafts sedimentary material, included these granites. 
The segregations are most common semipelites, but have also been 
found more siliceous rocks. These structures appear ovoid areas, 


structures weathered surface metamorphosed 
semi-pelitic rock, Rosguill. 
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4cm. across, weathered rock faces (Text-fig. 1). Examination 
sets mutually perpendicular joints has indicated that the structures 
are ellipsoidal spherical their longest dimensions frequently 
lie within the plane the sedimentary laminations. 

The commonest type segregation consists intergrowth 
cordierite, muscovite, microcline and biotite which surrounded 
mantle microcline. The core the segregation coarser 
than the semipelitic groundmass and tends weather into hollow 
the mantle microcline occurs pale grey pink rim running 
around the hollow. The cordierite, within the core, occurs large, 
fresh grains, mm. across, which are sieved inclusions 
biotite there incipient alteration the cordierite yellowish 
Large ragged porphyroblasts muscovite and intensely 
pleochroic red-brown biotite cross-cut the cordierite. Fibrolite 
common and replaces muscovite. The mantle consists dominantly 
granular microcline, accompanied fibrolite which splays out towards 
the centre the segregation. Less commonly, the segregations consist 
fine-grained intergrowth biotite and anhedral microcline, 
mantled coarse grained microcline and biotite occasional 
porphyroblasts muscovite cut both core and mantle. Alternatively, 
simple type segregation consists large grains microcline 
rimmed biotite. 

The groundmass which these structures occur consists 
granular mosaic fresh microcline, quartz, albite and plentiful 
biotite minor amounts tourmaline and staurolite have been noted. 
Occasional grains clouded potash feldspar are generally mantled 
microcline some large grains microcline (more than 0-5 mm.) 
contain inclusions biotite, cordierite, occasional staurolite and 
sillimanite. Tongues microcline penetrate the biotite leading 
complete dissociation the cleavage flakes without disrupting the 
optical continuity turn, the microcline channelled albite. 
Needles fibrolite cut the biotite, cordierite and microcline. Idio- 
mornic sillimanite later than the biotite and cordierite, but appears 
have grown concurrently with the microcline. 

The sequence crystallization the minerals, both within the 
and the groundmass, essentially similar and may 
summarised follows 


Fibrolite Porphyroblasts muscovite and biotite which appear 
later than the formation the segregations. 


The mineralogical similarity between the segregations and ground- 
mass suggests that these two components are compositionally 
equivalent. The segregations appear have been formed discrete 
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differential transfer material within localized zone the enclosing 
rock. This transfer resulted outward movement microcline 
towards the margin the segregation and recrystallization the 
residual material the core continued diffusion the microcline 
was associated with increase size the segregation. 


Way, 
Petts Woop, 
ORPINGTON, 
KENT. 


Olivine-bearing Hornfels from South-Eastern 
Queensland 


(PLATE XV) 


ABSTRACT 


Contact metamorphism gabbro unusual slightly meta- 
morphosed argillite with comparatively high magnesia and total 
iron has produced olivine-bearing hornfels. The sediment 
such chemical composition that almost isochemical trans- 
formation considered have taken place. Only shows any 
significant change from the sediment the hornfels. 


INTRODUCTION 


problem the origin basic granular hornfelses occurring 

xenoliths and contact hornfelses associated with gabbroic masses 
has long held the attention petrologists. Klemm (1926) stirred 
interest beerbachites proposing that they were really xenoliths 
formed the alteration basic sediments, while the opposite view 
that such basic granular hornfelses were derived from basic igneous 
rocks was presented MacGregor (1931). Grout (1933), Sadashivaiah 
(1950), Wells (1951) and Harry (1952) have supported the sedimentary 
origin, but, explain chemical composition, resorted the large 
scale metasomatic transfer basic elements such Ca, Mg, and Fe. 
Bloxam (1955), regarded the beerbachites Girvan-Ballantrae 
contact altered lavas and basic intrusions. Recent work contact 
between gabbro and rather unusual argillite South-eastern 
Queensland has shown that olivine-bearing hornfels may form 
the contact metamorphism basic sediment with minimum 
metasomatic transfer. 


OCCURRENCE 


The Mt. Samson gabbro-granite complex (Phillips, unpublished 
thesis 1959) lies miles north-west Brisbane and has intruded the 
Neranleigh-Fernvale Group low-grade regionally metamorphosed 
sediments. They are Silurian age. According Bryan and 
Jones (1954), The rocks the Neranleigh-Fernvale Group form 
heterogeneous Composed essentially irregular 
alternation pelitic types like banded shales and psammitic types like 
massive greywackes, they also include highly siliceous rocks like cherts 
and jaspers, while impure limestones and least one phosphatic 
horizon are also The gabbro which intrudes these sediments 
variable grain size but not layered, the normal type being 
hypersthene gabbro with modal analysis follows Plagioclase 


GEOL. MAG. VOL. XCVI NO. 4 36 


| 


378 Phillips— 
61-9, Clinopyroxene 24-6, Orthopyroxene 7-3, Iron ore 3-4, Quartz 
and Apatite 1-6, Biotite 1-2. (Specific Gravity 2-92). 
produces quartz-bearing gabbro with green amphibole replacing 
pyroxene. Analyses typical greywacke and shale, and altered 


TABLE 
H,0 110°C 3-29 1-02 
not det. det. Nil Nil Nil 


Neranleigh-Fernvale greywacke. From Mt. Nebo, miles north-west 
Brisbane. Analyst Gradwell. Quoted from Bryan and Jones 
(1954). 
Neranleigh-Fernvale shale. From the corner Edward and Adelaide 
Streets, Brisbane. Once thought belong the Bunya Phyllites, 
but now considered Bryan and Jones typical the 
Neranleigh-Fernvale shales. Analyst Patten. Quoted from 
Bryan and Jones (1954). 
Argillite the Neranleigh-Fernvale Group from 150 yards west the 
contact Cedar Creek 917084 Samford Sheet. Analyst 
Herdsman. 

The olivine-bearing hornfels found right the contact. Analyst 
Herdsman. 

The quartz-bearing altered gabbro from few yards east the contact. 
Analyst Herdsman. 


quartz-bearing gabbro, occurring few yards from the contact 
mentioned below, appear Table 

the western margin the gabbro, grid reference 917084 
the Samford 1-mile military map, Cedar Creek has exposed strip 
rock hundreds yards long showing the gabbro, the contact, the 
hornfels and the country rock continuous sequence from east 
west. The contact displays sharp, clear, edge with medium-grained, 
dark grey gabbro easily distinguishable from the fine-grained dense, 
tough, black hornfels. The olivine-bearing rock found from the 
edge the contact distance two feet into the hornfels, while 
the basic sediment discussed below was taken from the continuous 
exposure 150 yards west the contact. 


Olivine-bearing Hornfels from South-Eastern 


PETROGRAPHY 

The Olivine-bearing hornfels. hand specimen this rock fine- 
grained, black, and dense (Sp. Gr. 2-98). flat, cut surface 
spongy porphyroblasts can distinguished. 

thin section the hornfels fine-grained, xenoblastic, meta- 
morphic rock with characteristic poikiloblastic-granular texture. 
Plagioclase usually forms fresh clear grains, often untwinned but 
occasionally showing lamellar twinning. Rarely there larger 
crystal (by means relict phenocryst) completely out proportion 
size the rest, and these cases the surrounding crystals (some- 
times olivine) are also larger. Some normal zoning apparent, and 
the composition the core calcic labradorite, (from maximum 
angle using the low temperature curve 1952, 
113). 

Hornblende (2Vx 78°) strongly coloured with pleochroic 
scheme, pale yellow pale yellow brown, brown, and 
brown with red tint. Some crystals have green tint and 
The amphibole characteristically forms large sieved sheets. Olivine 
acommon component and forms xenoblastic crystals which are some- 
times completely partly altered green yellow-green bowlingite, 
brick-red iddingsite. Iron ore liberated during alteration and 
this found characteristic form cracks. Hypersthene 
associate mineral. average four optic axial angle measurements 
gave 88°, and this indicates (from Poldervaart 1950, 
and colourless very pale green. Clinopyroxene not 
uncommon, and may distinguished from the olivine its lack 
alteration products, and absence large crystals. colourless and 
fresh, does not show cleavage twinning, and usually occurs small 
equidimensional grains rarely coalescing form small sieved 
Iron ore important minor constituent, and probably magnetite. 
few plates biotite are present, but they are rarely comparable 
size those the hornblende. The vivid pleochroic scheme 
very pale yellow-orange, and rich red-brown. Biotite 
associated with iron ore blebs and hornblende. accessory mineral 
apatite, occurring rather subhedral grains containing parallel 
inclusions. 

Equidimensional grains (about mm. across) often coalesce into 
sieved plates (some spreading about mm. diameter), which 
enclose small granules the other components. This sieve texture 
excellently developed olivine and hornblende, where fine 
and intricate approach vermicular growth, and developed 
lesser extent hypersthene and biotite. Colourless areas are 
occupied fine granular mosaics plagioclase, the edges some 
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intergrowths being ill-defined, while clinopyroxene 
granules poorly coalesced sutured grains set between 
the plagioclase. Poikiloblastic associations are developed feldspar 
hornblende, iron ore hornblende, feldspar olivine, iron ore 
olivine, iron ore biotite, and little feldspar biotite and 
Hypersthene may associated with olivine. 

Some the components are patchily distributed and this property 
shown particularly well iron ore. This mineral, while being 
peppered freely throughout, often segregated into contorted lenses 
suggestive relict banding. 

analysis this rock appears Table and this agrees with the 
mineralogy. The over-all basic nature and high content are 
note. 

Fifty-one thin sections were made from specimens taken over the 
150 yard interval from the olivine-bearing hornfels the sediment 
considered its equivalent. The change continuous, somewhat 
patchy, and summarily the petrography follows the grain size 
decreases almost cryptocrystalline, and porphyroblasts disappear 
outwards from the contact edge. Olivine rarely found more than 
two feet from the contact and orthopyroxene more than twelve feet. 
the other hand, the contact approached the development 
hornblende and biotite from specks about iron ore, 
matted, wispy, flakes, granules, and then poikiloblastic plates 
can readily seen. Iron ore the form spots 
persistent throughout the whole and 
plagioclase are formed the outer areas almost 
grain-size, and are present with increasing size throughout the whole 
sequence. Banding the hornfelses can seen some thin sections 
and this due relict bedding. The inclusion such material within 
gabbro magma could readily produce banded granular xenoliths 
(cf. Brown, 1954). larger scale greenish lenses with the same 
strike that the Neranleigh-Fernvale Group (north-north-west) 
reveal interbedding the black iron-rich rocks with minerals 
rather basic calc-silicate contact metamorphic assemblage. Minerals 
recognized include actinolite, epidote, brown garnet, pink garnet, 
pyroxene with rich green colour, vesuvianite, calcite, prehnite, and 
scapolite. This assemblage best developed fifty feet more from the 
contact edge, but minerals such epidote and actinolite occur much 
closer. Hydrothermal material from the gabbro probably introduced 
minerals such pyrite, anhydrite and analcite (N, which 
make rare appearances the hornfels. 

The The sediment, itself, dense (Sp. Gr. 2°88) 
black, fine-grained argillite showing occasional quartz and garnet veins. 
These veins indicate that there has been slight metamorphism, some 
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which can credited regional metamorphism, and some pure 
thermal metamorphism. The extremely fine grain-size the com- 
ponents, however, shows what small extent reconstitution has been 
effected. The rock attracts bar magnet and this suggests the presence 
magnetite, less likely, pyrrhotite. thin section the grain size, 
except for few patches and veins granular quartz (diameter about 
mm.) virtually cryptocrystalline and mineral identification 
very difficult. 

The rock appears composed chiefly argillaceous material, 
very fine quartz, and exceedingly fine magnetite powder tending 
make opaque. Segregation constituents early stage with 
numerous small, contorted veinlets quartzose and argillaceous 
material disrupting the almost opaque portions. Colourless grains 
higher relief and high first order interference colours may pyroxene, 
and little actinolite, chlorite and sericite may also present. Minute 
red-brown specks about iron ore are biotite. Bright 
green yellow anhedral epidote sometimes associated with the 
white turbid areas. Rare veins contain pyroxene, plagioclase, pale 
pink pale yellow garnet, calcite (set between the garnet), actinolite 
and quartz. 

analysis selected specimen this rock, with the garnet 
veins cut away given Table Its unusual composition for 
sediment, its highly basic nature, and its remarkable similarity the 


olivine-bearing hornfels (especially K,0, Na,0, and total content) 
are note. 


DISCUSSION AND PETROGENESIS 


Facts which indicate sedimentary origin for the olivine-bearing 
hornfels may summarized follows 


(I) The gabbro has abrupt, sharp end the hornfels and the 
hornfels can then traced without interruption into the regionally 
metamorphosed sediment. Thin sections confirm the sequence. 

There the transition from hornfels argillite, but the writer 
has not seen transition from gabbro hornfels. 

The calc-silicate minerals listed above are not found the 
contacts with basic igneous rocks, and the rocks are 
obviously intercalated between the black iron-rich argillites. 

unusual earlier chilled border facies the gabbro, for 
example gabbro granulitized gabbro, capable 
being metamorphosed the hornfels, has been seen. The gabbro 
right the contact medium-grained, hypidiomorphic-granular, and 
contains plagioclase, clino- and orthopyroxene largely altered green 
amphibole, iron ore, biotite, quartz and little potash feldspar. 
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(V) There banding the gabbro but this has been recognized 
the hornfelses, and the obvious origin sedimentary 

(VI) this area there are known earlier basalts which could 
have formed the hornfels. would difficult for basalt form 
banding, have the calc-silicate mineral assemblage given above. 
Criteria for the recognition altered basalts such relict phenocrysts 
amygdules are absent. (In another contact area the gabbro meta- 
morphosed andesite and the presence phenocrysts, granular 
clinopyroxene, ragged brown biotite, and the absence olivine, brown 
hornblende, orthopyroxene, the calc-silicate mineral assemblage, and 
banding, make significant differences.) 

The chemical composition the olivine-bearing hornfels 
similar that the argillite, and different from that the quartz- 
bearing gabbro. 

From these points can hardly doubted that the hornfels was 
derived from the argillite. 

Probably the most significant discovery that this Cedar Creek out- 
crop has given that basic sediment, composition similar 
that basic granular hornfels (banded not) can, fact, exist. 
The previous absence knowledge the positive existence this 
type sediment has always favoured the igneous origin views such 
proposed MacGregor and Brown. earlier work e.g. Sadashivaiah 
(1950, 128) and Wells (1951, 733), discussion suitable parent 
sediment for isochemical transformation basic granular hornfels 
has centred around unusual assemblage calcareous 
sediment. The idea the existence such rock has, however, 
always been rejected. Chemically the argillite from Cedar Creek 
not unlike Fe- and Mg-bearing rock. 

Harry (1952) believes that there tendency for and Fe,0; 
exceed Ca0, and Brown (1954) says that for average 
ratio, about 0-25 The argillite from Cedar Creek, sediment 
geological criteria, does not fit one these chemical restrictions. 
Grout (1933) also found hornfelses, considered him 
sedimentary origin, which not conform the chemical properties 
sediments proposed Harry and Brown. This shows that 
(without due consideration geological properties), the use 
typical chemical oxide ratios the determination whether 
rock has once been sediment not, limited. 

When shales area are the only rocks that can 
compared with basic hornfelses sedimentary origin, then the 
addition basic mineral elements may the only means explaining 
changes composition. Sadashivaiah (1950), comparing the Insch 
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olivine-bearing hornfels with the Macduff slate, proposed influx 
Ca, Mg, Fe, Ti, and because these elements were increased 
the olivine-bearing hornfels. common Neranleigh-Fernvale shale (see 
Table No. would require considerable basic metasomatism 
form the olivine-bearing hornfels Cedar Creek. The presence 
basic argillite (in the outcrop described) provides much more suitable 
parent rock, and allows metasomatic transfer kept minimum. 
The absence basic shales from other areas does not necessarily 
mean that they did not exist. They may now completely altered. 
There may number instances chance occurrences (see 
Harry, 1952, 415) shale rich Mg, and Ca, occurring wall 
rock against metamorphosing intrusive gabbro. 

Comparison the two analyses from Cedar Creek shows that, 
first appearances, metasomatism could proposed but the 
method transfer rather difficult imagine. While the formation 
hornfels expected take place the highest temperature 
first intrusion the gabbro, only residual alkalis and silica are 
generally considered capable much movement. There are number 
possibilities explain the high content (a) the sediment 
right the contact may have had the same composition the olivine- 
bearing hornfels, that may have had higher content than the 
argillite analysed, and the metamorphism would then strictly 
isochemical (b) there may have been concentration the contact 
which was driven from the sediments displaced the advancing 
magma (c) fine veining the hornfels the gabbro may have 
allowed the mechanical introduction olivine from the 
gabbroic material. The gabbro, however, considerably more acidic 
than the sediment and contains much less and only rare crystals 
altered olivine (d) there may have been some supplementary 
metasomatic transfer. 

The writer believes that all gabbroic contacts the pyroxene 
hornfels facies the possibility some slight basic metasomatic transfer 
always present, but that hornfelses extremely basic nature, 
such olivine-bearing hornfels, must have parent rock suitable 
basic composition. 
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EXPLANATION PLATE 


Photomicrographs hornfelses and basic arg lite (E-F), all 
plane-polarized light. 


A.—Olivine porphyroblasts, associated with iron-ore and groundmass 
plagioclase, from the olivine-bearing hornfels, 26. 

B.—Granoblastic texture displayed brown hornblende, plagioclase, and 
pyroxene, intermediate stage recrystallization, 26. 

C.—Bands iron ore, biotite, orthopyroxene, plagioclase and clinopyroxene 
from the hornfels sequence, 

D.—Delicate growths porphyroblastic hornblende with associated plagio- 
clase, pyroxene, iron ore and olivine, showing the advanced stage 
recrystallisation the olivine-bearing hornfels, 26. 

E.—Basic argillite with bedding emphasized alternating bands argil- 
laceous material and iron ore, 26. 

F.—The analysed basic argillite with almost opaque iron-rich patches and 
contorted clear veinlets quartzose and argillaceous material, 26. 


Photographs by Mr. E. W. Hollywood 
Basic HORNFELSES AND SEDIMENTS FROM SOUTH-EASTERN QUEENSLAND. 


Intrusive Phenomena the Whin Sill, East the 
North Tyne 


ABSTRACT 


The Whin Sill this district has the form series sills 
different stratigraphical levels. Minor scarps right angles the 
main trend the sill are explained intrusion offshoots, from 
its upper surface, along low angled fractures the superincumbent 
strata. intrusion mechanism suggested account for the 
presence the Oxford Limestone both above and below the 
Whin Sill. 


INTRODUCTION 


outcrop the Whin Sill east the North Tyne (Text-fig. 

special interest, because addition the fine scarp 

normally associated with this intrusion, the upper surface the sill 

diversified series minor scarps aligned almost right angles 

the main trend. The minor scarps give rise rather unusual lobed 
boundary with the superincumbent strata. 

These features were first recorded print Messrs. Topley and 
Lebour 1877, who made specific mention the dip slope Gunner- 
heugh Crags when discussing irregularities the upper surface the 
Whin Sill. The area had previously been mapped the Geological 
Survey (Old Series sheet 106, N.E., published 1867) and although 
the name Hugh Miller, Jnr. appears some the in. field slips, 
his name not recorded the in. map one the surveyors. 
most unfortunate that memoir describing the map has been 
published. 

Interest the Whin Sill this region was renewed Weyman 
(1910) who recorded the unusual section seen the main scarp face 
between Reaver Crag and Barrasford Quarry. 1928 Smythe pub- 
lished similar section, and 1950 described some metamorphic 
effects the sill Barrasford Quarry. 


THE SECTION ALONG THE MAIN SCARP FACE 

Text-fig. revision Weyman’s (1910) section and sig- 
nificantly different from it. Weyman shows limestone lying within 
the sill for the whole length the section but the present time there 
evidence support this thesis. 

The limestone (E) forms small but continuous feature front 
N.W. of) the main sill scarp. However, two locations, despite 
the continuity the feature, dolerite and not limestone responsible 
for it. these two locations the limestone raised small 
intrusions, and longer forms recognisable feature. The intrusions 
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have almost vertical sides and adjacent these 
the limestone steeply inclined (Text-fig. 2). 

small but sharply defined domal structure 
developed the thin limestone (F) im- 
mediately front the western intrusion 
and almost certainly related it. 
similar structure can seen near the other 


intrusion, but the ground heavily covered 
with glacial drift. 
Near Gunnerton Nick, the thick limestone 
(E) upturned, disrupted and finally occurs 
rafts within the sill. the west, however, 
the limestone once more becomes continuous 
and for some distance both over- and under- 
lain the exposures the limestone 
below the sill can found west the section 
illustrated, and thought that transgression 
occurs this point. 
SEDIMENTARY RAFTS 
=> 
Some sedimentary rafts have been illustrated 
Text-fig. but the largest found this 
raft made limestone and shales with 
ironstone bands, and nearly hundred 
yards length. thin layer near the top 
the limestone rich garnet and idocrase, 
while the original ironstone bands contain 
abundant pyroxene. Despite this evidence 
fairly intensive metamorphism fossils are 
abundant and well preserved both the 
limestone and the shale. Osagia (Girvanella 
bearing) nodules, which are characteristic 
the metamorphosed limestone. 
Other smaller rafts have been discovered 
during quarrying operations. 
The sill covered recrystallised lime- 
stone which often saccharoidal. The grain 
size, however, variable and seems 


AJ 
. \ 


finest those layers rich 
carbon. Due the purity 
the limestone few metamorphic 
minerals are developed, but one 
thin layer near the top contains 
abundant garnet and idocrase. 
Despite recrystallisation the rock 
contains numerous fossils, 
many which retain delicate 
structures. Osagia nodules can 
identified the upper, more 
fissile, portion the limestone. 


Before the recent expansion 
Barrasford Quarry there were 
some isolated 
dolerite protruding through the 
limestone resting the sill. 
These had scarp faces the 
west north-west, which 
resembled the larger minor 
scarps the east. Most these 
have now been re- 
moved quarry expansion, 
but the sections progressively 
exposed during this process 
gave valuable information 
the form and mode intrusion 
the sill. 


Length of section approximately 160 yords 


Upper contact Whin Sill seen Barrasford Quarry. 1954-55 


Text-fig. represents section 
visible and illustrates 
the detailed relationship 
the sill and the superincumbent 
limestone. shows that 
the main upper surface 
the sill uniform, there are 


apophyses, regular form, 
which transgress the limestone 
constant angle. The larger 
apophysis terminated one 
the dolerite islands while 
the smaller did not extend 
the surface. The apophyses 
are composed fine-grained 
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dolerite and the smaller one had extension coarse-grained purple 
carbonate, probably local recrystallisation the limestone. The 
limestone front and below the larger apophysis was completely 
ramified weathered dolerite. 

The offshoots from the upper surface the sill are intruded along 
set low angle fracture planes. Two sets fractures (strike 200°, 
dip 25° 15° W.) are developed the limestone but intrusion 
occurs only the easterly dipping set. similar set fractures also 
found the limestone below the sill near Gunnerton Nick, but these 
not contain any intrusive material. 

The fractures must older than, contemporaneous with the 
intrusion the sill, but either case indicate that the movement 
the Whin Sill magma this region was from the E.S.E. this were 
not then dolerite would present some the westerly dipping 
fractures. The fractures may well have been caused the intrusion 
the sill, for tension must necessarily developed the strata above 
the early stages its formation. 

interestng note that when offshoot from the sill makes its 
way through the limestone and reaches the shale above, reverts 
intrusion along, nearly along, the bedding planes. This may due 
refraction the boundary between two contrasting rock types, 
phenomenon well recognised the mineral veins the Alston Block. 

The intersection average bedding plane and average fracture 
plane line which plunges almost south low angle. This direction 
compares very favourably with the trend the minor scarps the 
upper surface the sill. therefore seems reasonable suggest that 
these features are due intrusion the Whin Sill magma along 
easterly dipping fractures the limestone. 


STRATIGRAPHICAL CONSIDERATIONS 


this thesis the intrusion the main sill suggested 
stratigraphical grounds. the region the North Tyne the 
Whin Sill intruded into the Middle Limestone Group the Car- 
boniferous System. West the North Tyne the stratigraphical 
sequence well known result recent study Johnson (1953). 
According Dr. Johnson (personal communication) the Whin Sill 
Keeper Shield lies between the Lower Little Greengate Well) 
and the Jew (E) limestones. 

Johnson’s succession there are two thick limestones, the Jew (E) 
and the Bankhouses. The latter really two limestones separated 
shale. contains abundant compound corals and overlies 
thick grit. This limestone can correlated with one occurring north 
Barrasford Sanitorium which also overlies thick grit. the 
Gunnerton district, however, there are thick limestones both above and 


below the Whin Sill. Both these limestones have the characteristics 
the Jew (E) limestone, that they are the correct order thickness, 
and contain Osagia nodules. Since the limestones (ignoring the Whin 
Sill) are only few feet shale there must mechanical 
duplication limestone extraordinary local variation the 
normal sequence. 

view the unusual nature the upper surface the sill 
mechanical explanation appears more likely. 

Smythe (1930), when discussing assimilation the Whin Sill, 
described mechanism intrusion explain anomalies the strati- 
graphical succession adjacent the intrusion. His thesis based 
dilatation along vertical fractures (caused tension the crust) 
the point transgression. Here, then, possible explanation the 
duplication, can postulate transgression along vertical fracture 
situated between Gunnerton Nick and Reaver Crag. modified form 
this hypothesis, with intrusion along inclined plane, more 
keeping with the upper surface features the sill this district. 


TRANSGRESSIONS 


The sill thins towards the east and dies out near Swinburn Mill, but 
reappears one main and several small sills, all higher strati- 
graphical levels. The small sills are very limited known lateral 
extent. there visible connection between any the sills 
more satisfactory think not actual transgression, but series 
individual units different levels, which together make the 
Whin Sill. 

true transgression does occur east Swinburn Quarry, where the 
sill rises the east over limestone 


RELATION TRANSGRESSIONS THE REGIONAL STRUCTURE 


The Whin Sill occurs some little distance below the Oxford (E) 
limestone the bed the North Tyne. This the lowest 
stratigraphical level which the sill outcrops this region. The 
North Tyne, this point, marks the hinge gentle anticlinal 
flexure which plunges the S.S.E. the west the river the rocks 
dip south, while the east they dip southeast. 

each side the river the sill changes horizon several times and 
attains higher stratigraphical level with each transgression Thus 
the sill depth the axis the flexure but appears higher 
and higher stratigraphical levels the distance from outcrop hinge 
line increases. 

Since the stratigraphical position the Whin Sill this region 
related the structure, presumed that the intrusion took place 
while the deforming forces, which produced the structure, were still 
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operation. This agrees with the conclusions reached Holmes and 
Harwood (1928) after consideration the Whin Sill and its relation 
the structure North Northumberland. 


THE SILL AND ITS RELATION FAULTING 


South-west Swinburn Quarry, the sill gives appearance 
being downfaulted the south, for its upper surface, north the road 
leading the quarry, projected would lie well above that the 
exception this the upstanding limestone-capped 
dolerite mass known Blue Crags. This hill limited northwards 
the above disturbance; otherwise has form similar that the 
two minor intrusions below the main sill depicted Text-fig. 

second disturbance that modifies the outcrop the main sill, 
trends slightly north west and runs through Colwell village. This 
line corresponds marked discontinuity the outcrop the 
limestone (D) resting the sill and anomalous bedding the lime- 
stone Colwell. The latter appears anticline plunging the 
south-east. 

West Barrasford Quarry, marked shift the outcrop the sill 
indicates the position yet another fault. 

Faulting has been important factor controlling the shape 
the sill this district; but this does not necessarily imply any specific 
age relationship between the faulting and the intrusion. There 
evidence available indicate whether the faulting pre-intrusion, 
the Whin Sill magma having stepped along existing fault planes, 
whether post-intrusion, that the sill actually faulted. However 
the absence any marked shattering the sill likely that the 
faults are not younger than the intrusion. 


AND CONCLUSIONS 


The Whin Sill over much its extent behaves textbook 
intrusion, but some areas, the region the North Tyne, 
shows complicated intrusive pattern. this region many the 
apparent transgressions are due the Whin Sill being developed 
numerous small sills different stratigraphical levels, but real 
transgressions also occur. 

The development the minor scarps right angles the main 
trend can now explained the presence offshoots from the top 
the sill, intruded along low angle fractures. The orientation the 
offshoots indicates that intrusion took place from the E.S.E. 

Low angle fractures limestone, well away from the Whin Sill, are 
known many localities Northumberland. These fractures usually 
contain calcite and invariably show slickensiding. may well that 
these are fundamental significance consideration regional 


. 
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structure, but yet one has studied them. therefore impossible 
see the fractures, recorded the limestone Barrasford Quarry, 
form part regional picture whether they are entirely local 
importance and related the Whin Sill. 

Stratigraphical considerations suggest that the main sill between 
Gunnerton Nick and Reaver Crag also intruded along low angle 
fracture plane, there repetition the Oxford (E) limestone 
the local sequence. 

The relationship between the sill and the local structure indicates 


that the Whin Sill was intruded before the close the pre-Permian 
deformation. 
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the Form and Mode Emplacement the Ben Buie 
Intrusion, Island Mull, 


ABSTRACT 


Field evidence and theoretical arguments are used elucidate 
the form the intrusion. the absence more accurate term 
this described chonolithic. Passive injection the magma into 
potential vacuum has enabled control exercised the 
intrusion-form the country rocks and their structures. The 
effects this control are discussed. 


INTRODUCTION 


Ben Buie intrusion situated the south-western periphery 

the Tertiary central igneous complex Mull. The intrusion, 

which covers moon-shaped area approximately six and half 

square miles, was emplaced during the sequence the Early Caldera. 

The time sequence this caldera, far relates the topic 
under discussion, given below (after Richey, 1948). 


Basic magma: Basaltic lavas (pillow lavas within the caldera). 


Acid magma: 

(i) Early granophyres Derrynaculen and Glas Bheinn 
intruded around the caldera margin and accompanied 
concentric folding. 

(ii) Explosion vents drilled through granophyres and older 
rocks. 

(iii) Early acid and intermediate cone-sheets. 


Basic magma: 
(i) First suite early basic cone-sheets. 
(ii) Ben Buie and Beinn Bheag intrusions. 


Acid magma: explosion vents and acid cone-sheets. 


Basic magma: 
(i) Second suite early basic 
(ii) Corra-bheinn olivine-gabbro. 


The general petrology and petrogenesis the Ben Buie intrusion 
will the subject separate paper. 

This intrusion one trio major gabbroic bodies central 
Mull, none which apparently typical ring-dyke. Work now 
proceeding the other two intrusions may provide supporting 
evidence the main thesis this paper. 

The area occupied the Ben Buie intrusion hilly and the presence 
two deep glacial valleys has enabled use made the indirect 
evidence the relation structure where direct 
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1.—Geological sketch map the Ben Buie intrusion showing 
place-names referred the text, lines sections shown 


Text-fig. and other information illustrating the structure and 
form the intrusion. 


evidence the form the contact with the country rock was lacking. 
This field evidence discussed below. 


For ease description the boundaries the intrusion will 
described inner margin, i.e. that part contact with the central 
caldera, and outer margin, being the longer arc, convex towards 
the south-west. 

The sketch map the intrusion (Text-fig. shows that the most 
notable feature, apart from the arcuate shape, the rectangular 
embayment the outer margin. The details the contact with the 
country rock around this embayment show tortuous line the south 
and south-east Ben Buie summit which suggests low-angled 
junction. The contact with the western part this rectangular mass 
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pre-Ben Buie rocks less obviously low-angled, but the average angle, 
indicated rise the height the observed inferred contact 
400 feet over horizontal distance mile (i.e. from Cnoc Braclaich 
Beinn Bheag), small and both these localities there evidence 
that the contact is, least locally, low angle. Cnoc 
Braclaich eucrite exposed 150 yards outside the mapped contact 
and slightly lower level, thus suggesting the extension the 
intrusion beneath the pre-Ben Buie rocks. Beinn Bheag the line 
contact roughly follows the 1200 foot contour, showing that the 
junction with the country rock must nearly horizontal. 

Evidence low-angled contact provided elsewhere the 
intrusion; notably the north-east Lochbuie village, where the 
contact exposed (Text-fig. 1), and between Cnoc Braclaich 
and Garbh Shlios, where the contact falls from 900 feet 700 feet 
over horizontal distance two miles. The recognition the presence 
incomplete envelope gabbroic rocks, general less basic than 
the eucrite which forms the bulk the intrusion, provided additional 
evidence that other parts the margin have low-angled contacts with 
the country rock. The envelope, complex margin, has average 
width approximately 100 yards. assumed that the inner 
contact between the complex margin and the eucrite roughly parallel 
the outer contact with the country rock, then the presence wide 
complex-marginal zone indicates flat-lying even horizontal outer 
contact. Thus the relatively wide complex margin (200 yards) the 
north-east Lochbuie village and west Creach Bheinn Bheag 
correlates well with the observed contact 

the west Creach Beinn the intrusion contact with grano- 
phyre and this section forms straight part the line contact. 
This evidence indicates steep vertical junction with the granophyre. 
The country rock also granophyric the outer margin, the Glen 
More area. Between Garbh Shlios and Glen More the mapped line 
the contact noticeably more irregular than that between Cnoc 
Braclaich and Garbh Shlios and therefore assumed that the 
presence granophyric country rock was responsible for the modifica- 
tion the form the intrusion this area. The possible reason for 
this will discussed later. 

Two sections the margin are exposed Glen More and third 
Gleann a’Chaiginn Mhoir, south Loch Airdeglais. each case 
the line contact unaffected the topography across the valley, 
thus indicating vertical highly-inclined junctions with the country 
these three sections only one the outer margin the 
intrusion, where the eucrite contact with the granophyre Glen 
More. The inner margin believed coincident with the caldera 
marginal fault, the vertical contact supporting this conclusion. 
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Between Sron Dubh and the north top Ben Buie complex 
marginal zone 600 yards wide present. has been suggested above 
that greater-than-average width this zone indicates low-angled 
contact. The width this particular area six times the average and 
three times the maximum width found elsewhere the intrusion. 
concluded therefore that this portion the complex margin indicates 
the proximity almost horizontal roof the intrusion, which has 
been removed this area erosion but still present the south 
face Ben Buie where represented the rectangular-shaped 
area older rocks. 

The picture the form the intrusion, from the field evidence, 
may summarised follows: 


The presence low-angled contact with the country rock 
around the outer margin the intrusion, except where this 
country rock granophyric, which case the contact steep 
vertical. 

The presence vertical highly-inclined contact the inner 
margin where the intrusion followed the line the caldera 
marginal fault. 

The presence roof the intrusion. 


SuB-SURFACE FORM THE INTRUSION 


The evidence roofing suggests that the intrusion may represent 
the upper portion ring-dyke, where the magma has been intruded 
horizontally into the space above the sunken central block. 
believed that the maximum width the intrusion greater than the 
width the feeding-channel, the former many times the width 
the annular outcrop the average ring-dyke central Mull. This 
view variance with that adopted the Geological Survey and 
illustrated the section across Ben Buie (Bailey, 1924, Fig. 38). The 
explanation vertical feeding-channel even approaching two miles 
width would involve considerable mechanical difficulties. Billings 
(1945, 50) suggests that the ring-fracture surrounding central 
block with vertical sides would have fracture zone, whose width 
that the ring-dyke, order that the magma could rise piece- 
meal stoping. There evidence any large-scale stoping the 
Ben Buie magma and consequently this explanation has been discarded. 
alternative explanation, which avoids the mechanical difficulties 
the first, based the assumption that the feeding-channel was 
vertically below, perhaps slightly beyond, the outer margin the 
intrusion (Text-fig. 2). considered unlikely that such would the 
case since would involve shift the magmatic focus approxi- 
mately three miles south-westerly direction because the focus 
would have vertically below the centre the circle formed the 
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outer margin. This shift direction right-angles that which 
has been shown have occurred, i.e. towards the Loch centre 
(Bailey, 1924). Since this north-westward movement believed 
have been initiated before the complete cooling the Ben Buie 
intrusion, and certainly the time the intrusion the second set 
Early Basic Cone-sheets and the Corra-bheinn gabbro, con- 
sidered unlikely that subsidiary, and only temporary, movement 
the magmatic focus would have occurred. The Ben Buie magma 


UNDERGROUND CAULDRON SUBSIDENCE 
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EROSION CALDERA FAULT 


SUNKEN BLOCK 


2.—Diagram (after Richey, 1948) showing the orthodox inter- 
pretation the form roofed ring-dyke. The shaded area 
represents the rock now exposed. The line section equivalent 


therefore considered have risen along the caldera margin, which 
known line weakness, and have been injected, almost horizon- 
tally, away from the caldera centre, the material within the caldera 
forming resistant block. This suggested method intrusion 
similar the formation laccolith but, since the intrusion 
discordant body, more precisely described chonolithic (Daly, 
1933, intrusion form therefore believed have 
gently-inclined base, steepening towards the deep-seated root. Selected 
sections through the intrusion are shown Text-fig. 


THE METHOD INTRUSION 


arrive possible method which the magma was emplaced 
necessary consider the events preceding the intrusion. The 
injection the first set Early Basic Cone-sheets occurred just before 
the intrusion the Ben Buie magma. Creach Beinn the thickness 
these sheets estimated 3,000 feet. The injection this thick- 
ness sheets would have caused doming the crust the order 
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3.—Selected sections through the Ben Buie intrusion. The lettering 


the sections refers the lines shown Text-fig. 


1000 
$00 
Ben Buie 
2500 

2000 

1000 

Loch Fuaran 

1000 


the Form the Ben Buie Intrusion, Mull 399 


4,000 feet (Richey, 1932, 130). Thus thought that, following 
the intrusion the sheets, the relative decrease magmatic pressure 
would allow the domed crust start sinking. Whether there could 
have been absolute decrease magmatic pressure uncertain, but 
what certain that the pressure was equal to, less than, that 
necessary hold the crust domed position, since the intrusion 
cone-sheets had finished. suggested that the high density the 
crust was sufficient overcome the upward pressure the magma 
and therefore the lower parts the former would fracture along 
line weakness and founder the magma chamber. similar process 
was envisaged van Bemmelen (1937, 477), who, using data from 
Daly (1933, 276), showed that the crust the Central Complex 
Mull would have sufficiently high density, due its highly crystalline 
and metamorphic state, cause inversion the stable density 
stratification existing between the subjacent basic magma and the 
crust, with consequent collapse the latter.* The foundering the 
lower part the crust into the magma chamber would simultaneously 
produce potential vacuum above, into which the Ben Buie magma 
was intruded (Text-fig. 4). The intrusion would thus due negative 
hydrostatic pressure. The passive injection the magma into the 
potential vacuum forms would account for the observed lack 
large numbers xenoliths. 

The shape the Ben Buie intrusion was evidently governed the 
structure and form the country rocks. The caldera marginal fault, 
pre-existing line weakness, formed one wall the intrusion and, 
except for one small patch, eucrite was emplaced inside this 
fault, within the caldera block. The form the outer margin the 
intrusion depended the type and form the country rock. The 
basic country rocks consist basalt flows cone-sheet complexes 
and against these rocks that the more laccolithic parts the 
intrusion occur, since their natural lines weakness range from the 
horizontal The granophyres, against which the intrusion has 
vertical highly inclined contacts, are probably dyke-like form 
and therefore have lines weakness nearer the vertical. This depend- 
ance the form the intrusion the pre-existing structures, noted 
previously King (1954, 352) connection with certain intrusions 
the Central Complex Arran, contrary the usually held view 
that ring-faulting and intrusion are simultaneous (Richey, 1948, 51). 
The dependance the intrusion form the structure the country 
rocks discussed below. 


the collapse the crust into the underlying magma chamber still 
moot point interesting note recent piece evidence (in Stephen- 
son, J., 1959, The Mt. Barney Central Complex, S.E. Queensland, Geol. 
Mag., xcvi, 125-136) which suggests that sinking has occurred. 
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The form deduced for the Ben Buie intrusion has not been described 
elsewhere the Hebridean Province, but there good reason 
believe that the hypersthene-gabbro Centre Ardnamurchan may 
have similar form. This gabbro roofed intrusion, has banding 
dipping confocally, and was emplaced after the injection cone-sheets 
into domed crust (Wells, 1953). The similarity the Ben Buie 
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TEXT-FIG. 4.—Diagram illustrating the suggested form and mode intrusion 
the Ben Buie magma. The line section equivalent D-E 
Text-fig. 


intrusion thus marked. Wells considered that the funnel-like shape 
the layers the banding may directly related the form the 
intrusion depth but direct evidence support this was lacking. 
now suggested that comparison with the form the Ben Buie 
intrusion least partially vindicates Wells’ observation that the 
hypersthene-gabbro mass possessed many features which were difficult 
reconcile with current views concerning the nature and origin 
ring-dykes 

One difference between the hypersthene-gabbro and the Ben Buie 
intrusion that the former occupies considerably more than 180° 
arc. Presumably intrusion the same form and occupying full 
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360° possibility. the latter case there the likelihood con- 
fusing its form with funnel intrusion, unless critical evidence 
available. and Brown (1957) have emphasised the need 
distinguish between lopolith and funnel intrusion, the one implying 
downward displacement crustal material, the other upward 
has been shown above that downward displacement 
crustal material believed have initiated the intrusion the 
Ben Buie magma and this respect the intrusion-form has more 
affinity with the lopolith than with the laccolith. not intended 
here argue the finer points nomenclature but must noted 
that, unless the evidence clearly points arcuate intrusion being 
either funnel-shaped chonolithic (as above), the confusion the 
two involves possible mis-interpretation the magmatic forces and 
crustal structure responsible for its emplacement. 


RELATION BETWEEN INTRUSION-FORM AND THE STRUCTURE 
THE COUNTRY ROCKS 


The concentration sets concentric ring-dykes the central 
ring complexes Mull and Ardnamurchan, where the Ben Buie and 
hypersthene-gabbro intrusions are situated, their most characteristic 
feature. The predominant structure thus one verticality. the 
central complex Skye this pronounced vertical structure lacking; 
particularly the western portion where the Cuillin Hills laccolith 
was intruded into the quasi-horizontal country basalt. 

The two intrusion-forms, ring-dyke and laccolith, must thus represent 
the result control two antipathetic structural patterns the 
country rocks. The peculiar form the Ben Buie intrusion believed 
due, therefore, the fact that situated the junction between 
the vertical structure the Early Caldera and the quasi-horizontal 
disposition the plateau basalts. 
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St. TERRACE, 


Pleistocene Deposits the West Side the Malvern 
Hills 


ABSTRACT 


north-south valley west the Malverns contains variety 
Pleistocene deposits, largely hidden late Pleistocene solifluxion. 
Around Eastnor stony clay attributed ice-tongue that 
crossed the Malvern Hills from the Severn valley. Various sedi- 
ments north Eastnor are thought have been laid down 
lake held this ice-tongue and fed stream diverted across 
the hills north the Malverns the main Severn valley glacier. 
The Upleadon Gravels south Eastnor are attributed water 
released from the lake when the ice-tongue melted. Both lake and 
glacier are correlated with the Woolridge Gravels and hence with the 
Penultimate Glaciation. 


INTRODUCTION 


RAVELS and sands with both Silurian and Bunter pebbles have 

recently been described, under the name the Upleadon Gravels, 
from areas south the Malvern Hills (Hey, 1958). Similar deposits, 
also with Bunter pebbles, have long been known exist the west 
side the Malvern axis. connection between the two was assumed 
Symonds (1907; paper read 1853), who concluded that the 
Bunter pebbles had come from the north north-east. Gray (1919, 
pp. 110-11), more specifically, suggested that stream from the Triassic 
areas west Worcestershire had crossed the hills north the Malverns, 
and, joined ancestor the Teme, had continued west the 
Malverns enter the Severn near Gloucester. similar idea was put 
forward Wills (1938, pp. with the further suggestion that 
the stream with the Bunter pebbles had been forced westwards 
glacier the Severn valley. 

These suggestions, however, were necessarily tentative, for 
detailed study the deposits had yet been undertaken. Such study 
attempted the present paper, together with examination 
certain associated deposits which are badly exposed have 
received little previous attention. 


GRAVELS AND SANDS EXPOSED THE CRADLEY BROOK VALLEY 


The principal stream the west side the Malverns the Cradley 
Brook. rises among the Silurian hills north-east Ledbury and 
flows northwards for miles, first along the axis the Eastnor 
syncline, then over red Downtonian marls the west the main 
Silurian outcrop. Longley Green, having changed its name the 
Leigh Brook, breaks through the Silurian escarpment narrow 
gorge, and then turns north-eastwards join the Teme. 
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TEXT-FIG. 1.—Relief and drainage the Malvern Hills and surrounding areas. 


within the valley the Cradley Brook that the sands and gravels 
mentioned the Introduction are exposed. list sections visible 
the beginning the present century was given Gray (1914, 
pp. 5-6, based partly Wickham, 1899). attempt was made 


map the deposits; this has been done the present writer with the 
results shown Text-fig. 
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The deposits have evidently been deeply eroded, and vestiges 
their original surfaces remain. Most the individual patches reach 
maximum heights between 305 and 320 feet O.D., though one point 
miles north-west Cradley, the gravels rise high 350 feet. The 
base the deposits has never been seen but its position can often 
estimated within narrow limits, especially since the underlying beds 
are impervious marls and may throw out springs. seems remain 
constant level about 290 feet O.D. One result this 
that, whereas the south the deposits lie near the valley-floor, 


deposits Well near Old Country House 


The Cross 
Sands and Mathon Sand-pit 
! 


2.—Drift deposits part the Cradley Brook valley. Thin 
restricted patches deposits are not shown. 


the north they lie upon spurs and hillocks feet above the 
level the brook. 

few obscure sections can seen road-cuttings the north 
the area, but only two good sections are now available. One Mill 
Bank Quarry, 350 yards east-south-east Stifford’s Bridge (738481), 
where exposures red sand with scattered sub-rounded pebbles 
Silurian shale and limestone can still seen between 310 and 325 feet 
The topmost feet have been disturbed solifluxion frost- 
heaving, but otherwise the bedding mainly regular and horizontal, 
with some small-scale current-bedding. Bunter pebbles have been 
found place, though they are common the fields above the pit. 

The other good section provided sand-pit 400 yards north 
South End, Mathon (739452). The floor the pit 295 feet 
about feet red sand are exposed, again with many horizontal 
bedding-planes but with current-bedding larger scale than 
Mill Bank and some signs channelling. Pebbles are numerous 
throughout and include Bunter pebbles well fragments Silurian 
and Malvernian rocks. Streaks pulverized coal are fairly common. 
addition, there are bands red micaceous clay, few inches 
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foot thickness, sometimes showing very small-scale current- 
bedding. 

Collections pebbles from the surfaces the deposits showed 
progressive changes from south north. Mathon the various types 
were present the following proportions: Bunter per cent, Silurian 
per cent, Malvernian per cent; the most northerly gravel-patch 
the proportions were: Bunter per cent, Silurian per cent, Mal- 
vernian nil. the same direction the pebbles become larger and the 
deposits less sandy, and bands clay appear die out. regards 
vertical variation, this insignificant the Mathon sand-pit but 
evident the north Cradley, where, shown Mill Bank 
Quarry and few indifferent exposures nearby, certain levels the 
deposits contain Bunter pebbles. 

Besides the three main types pebbles, Symonds (1907), Gray 
(1914), Grindley (1921) and others have reported flints and rolled 
Liassic fossils. The writer can confirm that these 
though rare; has also found few pieces red sandstone, probably 
Downtonian, white and yellow sandstone, probably Carboniferous, and 
white felspathic quartzite, probably Cambrian. artefacts indi- 
genous fossils have yet been reported. 

Despite their variations seems clear that these sands and gravels 
can regarded single series. proposed call them the 
Mathon Beds. 


THE UpPER PARTS THE CRADLEY BROOK 
AND GLYNCH BROOK VALLEYS 


Colwall Church the floor the Cradley Brook valley still half 
mile wide, and width maintained the head the brook, 
where there ill-defined watershed rising about 370 feet O.D. 
This, however, does not interrupt the valley itself, which continues 
beyond the watershed though somewhat reduced width and hence- 
forth occupied southward-flowing stream. Eastnor Lake this 
stream joined another from the the Malverns, become 
the Glynch Brook. mile further on, Clencher’s Mill, the Glynch 
Brook leaves the hills and flows through comparatively low-lying 
Triassic country join the Leadon, which turn joins the Severn 
just above Gloucester. 

The Silurian hills between Ledbury and the south end the Malverns 
are thus bisected well-defined through valley (see Text-fig. 1), 
and this which has long been suspected, despite the presence the 
370 foot watershed, carrying single stream that laid down both the 
Mathon Beds and the Upleadon Gravels. 

Apart from narrow strips recent alluvium, almost the only 
deposit visible the floor the valley, between Clencher’s Mill and 
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the southern exposures the Mathon Beds, stiff, stony, unbedded 
clay. the north Colwall Church pink yellow and contains 
some Bunter pebbles addition angular fragments Malvernian 
and Silurian rocks. Further south yellow grey and contains only 
Silurian fragments, except that Bunter pebbles reappear few places 
south Eastnor. There little doubt that this solifluxion deposit, 
the Bunter pebbles being derived from the Mathon Beds and the Up- 
Gravels; both, will seen below, are older than the stony 
clay. 

few old records were available which indicated that other Pleisto- 
cene deposits were hidden beneath the clay, and further information 
these deposits has been collected the present writer.. should 
pointed out that most places the stoniness and toughness the clay 
made augering impossible, and that much the work had done 
trenching. The information available therefore still insufficient for the 
construction geological map, but believed provide adequate 
basis for discussion the relations and origins the deposits. The 
various pieces evidence will described geographical order, from 
north south. 

well sunk 1944, 250 yards south Old Country House, Mathon 
(726444; see Text-fig. 2), passed first through feet reddish stony 
clay, then through feet sandy gravel, which turn rested upon 
red marl (information supplied Mr. Ballard). The ground- 
level here 320 feet O.D. The gravel, with its base 290 feet, clearly 
belongs the Mathon Beds, which are thus shown pass beneath 
the solifluxion deposits. 

Three-quarters mile further south, house now called The 
Cross but formerly the Golden Cross Inn (725433; see Text-fig. 2), 
was sunk giving the following succession (Grindley, 1921, 177; 
different version quoted Richardson, 1935, 69, but believed 


Yellow sandy clay, from hill slopes 
Boulder clay, [with] striated pebbles and pieces coal 
Finely laminated clay, slight dip east 


Red sand, water-bearing, bottom not reached 


Ground level about 335 feet. The boulder clay thought 
solifluxion deposits, despite its thickness and its striated pebbles, 
and the red sand can safely assigned the Mathon Beds. The 
laminated clay between the two red and micaceous, can seen 
from sample preserved the Department Geology Birmingham 
University; though substantial bed seen further north, the 
material the same occurs thin bands the Mathon sand-pit. 


of 
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All the remaining evidence comes from the valley the Glynch 
Brook and its western head-stream. Each site numbered and its 
position shown Text-fig. 

attempt determine the nature and thickness the drift 
deposits near the Cradley Brook watershed, the writer 
1958 had borehole sunk 180 yards north-east Lower Mitchell 
Farm (Site 1). Ground level was 363 feet O.D.; the record was 
follows: 


Yellow stony clay 
Pink silt 


calcite and Silurian limestone 


Pink silt 


Pink silt with poorly rounded pebbles 
few Silurian but majority pink and fine-grained, probably 
cornstones from the Old Red 


well rounded and inches with small 
pieces cornstone 


The pink silt was unconsolidated and waterlogged. for the 
presence absence pebbles was very homogeneous, with much 
red clay and white mica and numerous small grains coal. few 


samples the silt were recovered intact from various levels and all 
showed fine lamination. The writer was unfortunately unable 
present during the completion the hole; the lowest gravel was 
described the drillers rock but the sample provided includes 
some rounded fragments and two distinct rock-types. 

the eastern extremity the approach cutting Ledbury tunnel, 
the north-west side the railway, are small exposures pink sand 
and silt, horizontally bedded and with streaks pulverized coal 
(Site 2). Above them lie feet unbedded yellow stony clay. 
These sediments are certainly not the Old Red marls reported from here 
Symonds and Lambert (1861, pp. though traces the 
marls still appear visible, badly obscured recent slipping, 
few yards the west. 

During the construction the cutting, considerable thickness 
red and grey stratified drift derived from Silurian and Old Red deposits 
was seen immediately outside the tunnel entrance (Site 3). were 
found bones and tooth Rhinoceros tichorhinus 
(Symonds and Lambert, 1861, 159); further details these 
fossils were given and their present whereabouts are unknown. The 
site lies the west the main valley, the floor small tributary 
valley coming from the south. The cutting now overgrown, but 
the drift can still seen occupy steep-sided channel, about 
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3.—The Eastnor area, showing sites where 
Pleistocene deposits have been proved. 


yards wide, cut Lower Ludlow Shales. The channel crosses the 
railway almost right-angles, does the valley itself. Its floor must 
lie about the level the railway, whose altitude here 320 feet 
the infilling drift can traced its red colour almost the 
top the cutting, maximum altitude about 355 feet O.D. 

Site sewer-trench dug 1958, which revealed feet yellow 
stony clay overlying red stony clay with occasional flecks green 
sand. The red clay was unbedded, but differed from the yellow clay 
not only its colour but also its stone content: instead purely 
local rocks contained high proportion Malvernian and Llan- 
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dovery fragments, together with few Bunter pebbles. The altitude 
here about 300 feet O.D. Similar material was found Sites and 
trenches dug the writer 295 and 306 feet O.D., and Site 
shallow crater 325 feet made crashed aircraft; this the only 
place where now exposed. 

Large samples the red clay collected from Sites and were 
washed for the recovery their stones, which very few were more 
than inch diameter, and all, with the exception the Bunter 
pebbles and some sandstone fragments, were angular. The stones less 
than inch diameter were removed sieving and the remainder 
were sorted, with results shown Table The sandstone largely 
Llandovery, but includes some Hollybush Sandstone; much the 
flaggy siltstone can matched with parts the Bronsil Shales. The 
others are mostly small fragments fine-grained rocks. 


TABLE SAMPLES FROM THE EASTNOR CLAY 


Proportions are given percentages. 
Positions sites are shown Fig. 


About miles east Eastnor are two patches drift originally 
mapped Groom, who, however, did not describe them (Groom, 
1899, 161 and Pl. XIII). Gray noted that they contained rounded 
pebbles quartz and quartzite which could not have come from any 
local conglomerate (Gray, 1919, 110). Since sections are now 
available the writer made small excavation the side sunken 
lane just west Upper House Farm (Site 8), and found, beneath two 
three feet solifluxion deposits, reddish clay with apparent 
bedding and strong resemblance the clays already described. 
sample was treated the same way those from the other sites, and 
the results are included Table the overwhelmingly abundant 
siltstone mainly the form small fragments from the underlying 
Bronsil Shales. excavation was made the more southerly patch 
drift, but many Bunter pebbles were seen nearby. According 
Groom’s mapping the southern patch lies between 350 and 400 feet, 
the northern between 400 and 450. the writer’s opinion the northern 
patch extends far east Upper House Farm, 475 feet, and 
shown with this modification Text-fig. 
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Site the pit Clencher’s Mill Wood, now overgrown but formerly 
showing sands and gravels 284 feet O.D., under cover 
solifluxion deposits (Gray, 1914, 6). altimetric grounds these 
beds have been assigned the Upleadon Gravels (Hey, 1958, 165). 
the opposite (eastern) side the valley Bunter pebbles are abundant 
the surface, and this suggested the proximity another occurrence 
Upleadon Gravels, which Bunter pebbles are among the chief 
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4.—Pleistocene sections the upper parts the Cradley Brook 
and Glynch Brook valleys. Dyke House, though outside the area 
covered the present paper, has been included show the levels 
one the most northerly patches Upleadon Gravels. Soli- 
fluxion deposits have been omitted. 


constituents. Solifluxion deposits this area are fortunately thin 
absent, and thus was possible show trenching not only that the 
gravels are present, with Bunter pebble content about per cent, 
but also that they rest uneven surface red clay similar that 
Site The trench where the junction was uncovered shown 
Site 10. The upstream limit known occurrences abundant Bunter 
pebbles about 300 yards north this point. 

The results far obtained are shown diagrammatically Text-fig. 
and may summarized follows. First, the Mill 
valley underlain sub-drift valley that probably falls consis- 
tently and gently the south. Secondly, the Mathon Beds are replaced 
towards the south laminated silts and clays; The Cross they 
overlie the Mathon Beds, but, view the bands clay the 
Mathon sand-pit, seems likely that the true relationship one 
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interdigitation. For these beds the name White House Silts Proposed, 
after the farm near the railway-cutting which the only good section 
can now seen. Thirdly, the silts turn appear vanish between 
White House Farm and Eastnor, replaced red, unbedded, 
stony clay, outliers which are found high the east side the 
valley; proposed call this the Eastnor Clay. Its relations with 
the White House Silts could not determined. Lastly, the Upleadon 
Gravels extend some distance into the upper Glynch Brook valley and 
are found overlie the Eastnor Clay. 

artefacts have been recorded from any these deposits, and, 
apart from those from the Ledbury tunnel entrance, fossils. Miss 
Lambert has kindly searched for pollen samples silt from the 
borehole and laminated clay from the Mathon sand-pit, but has 
found none. 


IV. INTERPRETATION DEPOSITS 


Wills suggested, the most probable explanation for the presence 
Bunter pebbles the Mathon Beds would the existence the 
Severn valley glacier, for which, will seen below, other 
evidence now available. drainage-channel could have formed 
along its western edge, fed water both from the glacier itself and 
from the adjacent hills, and could then have spilled over some pass 
through the Silurian hills north the Malverns. 

The two most likely routes through the hills are the Teme gap 
Knightwick and the Leigh Brook gap Longley Green. the first 
case the stream would have turned southwards over the site the col 
that now exists about mile south-west Knightwick, 290 feet O.D., 
and thence down the valley past Suckley Longley Green. Within 
this valley, however, are large areas between 275 and 325 feet, but 
signs Bunter pebbles. the Leigh Brook gap, the other hand, 
are three small knolls, each rising little over 300 feet, and one, 
Sheep Hill (737507; see Text-fig. 2), feet fine red sand with quartz 
and quartzite pebbles could formerly seen (Gray, 1914, 5). This, 
therefore, must have been the route through which the pebbles were 
carried. 

Both Gray (1914, 16) and Wills (1938, 219) suggested that the 
Teme itself this time might have flowed west the Malverns. 
the other hand, Dwerryhouse and Miller (1930, pp. believed that 
the present middle Teme was originally river which rose near Knight- 
wick and then flowed the north and west, reversing its direction only 
very late stage the Pleistocene. depositional evidence 
known which the question can decided; nor this surprising, 
for the middle Teme flows over little besides Downtonian marls. There 
are, however, erosional terraces the Teme valley for about miles 
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above Knightwick, rising about 300 feet O.D. the side furthest 
from the river, and number knolls rising the same height both 
the Teme valley and near the Knightwick-Suckley col. This suggests 
that southerly-flowing stream may this time have occupied least 
few miles the middle Teme valley, continuing southwards past 
Suckley join the stream with Bunter pebbles. 

The White House Silts were undoubtedly deposited lake; this 
indicated their fine lamination and the absence large stones 
other than those strictly local derivation. the evidence from the 
Lower Mitchell Farm borehole the maximum level the lake must 
have been least 358 feet O.D. The Mathon Beds, which occur only 
below this level and are yet regarded the lateral equivalents the 
silts, may well the much-eroded remains elongated delta; the 
nature their bedding would agree with this interpretation. for 
the extent the lake, evidence has been found its having spread 
beyond the Cradley Brook valley, whether the north, through the 
gap, the west, through the broad gap north 
Coddington about 330 feet (see Text-fig. 1). Evidence for any northern 
extension might well have been removed the Teme, but there 
obvious reason why some traces western extension should not have 
been preserved. Provisionally, therefore, concluded that there was 
western extension though there may have been northern, and that 
the Coddington gap its present form result the comparatively 
recent erosion soft Downtonian marls. 

The most southerly occurrence the silts the channel the 
Ledbury tunnel entrance, where presumably the waters the lake 
backed into the tributary valley. Somewhere the south this 
area the main valley must have been dammed, and believed that the 
nature the dam revealed the Eastnor Clay. 

This was first thought another solifluxion deposit, its red 
matrix being perhaps derived from the White House Silts, but the theory 
had abandoned when was realized how high and how far south 
the material extended. The only reasonable alternative that 
glacial till, even though has yielded striated pebbles. The con- 
sistently high proportion Malvernian stones shows that the glacier 
responsible could not have come from the west, and makes either 
northern southern origin unlikely. eastern origin, however, 
would account both for the erratics the clay and for the clay itself, 
which could well Keuper Marl from the Severn valley. The obvious 
line approach from the east would the pass across the Malvern 
Hills Hollybush. The altitude the pass 525 feet O.D., only 
feet higher than the Eastnor Clay Upper House Farm, and the hypo- 
thesis has finally been confirmed the discovery occasional Bunter 
pebbles among the Pre-Cambrian and Cambrian debris the woods 
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the top the pass. evidence has been found, incidentally, for 
former glaciers the neighbouring passes Whiteleaved Oak and 
The Gullet. 

The glacier, presumably offshoot large glacier the Severn 
valley, would have descended the Glynch Brook valley and would 
then have spread short distance upstream and downstream. There 
can little doubt that was this which dammed the valley and 
caused the lake. Moreover, narrow valley, now followed the 
lane Clencher’s Mill, leaves the west side the main valley 
Eastnor and rejoins mile the south (see Text-fig. 3). This 
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5.—Supposed appearance the Malvern Hills and adjacent areas 
the time the Eastnor glacier. 


exactly wherea spillway would have developed under such circumstances, 
and, although the true maximum level the lake not known, 
may significant that the floor the side-valley rises col 
about 360 feet. 

Thus appears that the same Severn valley glacier was responsible 
both for diverting stream across the Malvern axis and, indirectly, 
for damming miles further south. reconstruction the geography 
this time attempted Text-fig. 

Finally, the bedding the Upleadon Gravels has already been held 
indicate deposition torrential stream (Hey, 1958, 162), and 
this confirmed the abundance boulders foot more length 
the fields mile south Clencher’s Mill. The high proportion 
Bunter pebbles shows that these gravels were not the outwash the 
Eastnor glacier. believed that they were laid down water 
released from the lake, perhaps catastrophically, the tongue ice 
melted. Pre-Cambrian, Silurian, and Bunter pebbles could then have 
been derived from the Mathon Beds, together with Liassic fossils and 
flints; more Precambrian and Silurian pebbles could have come from 
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the Eastnor Clay, and still more Silurian pebbles from nearby outcrops. 
The torrent then proceeded southwards, its deposits indicating another 
influx Bunter pebbles near Redmarley but otherwise retaining their 
individuality least far south the latitude Gloucester (Hey, 
1958, pp. and Text-fig. 1). 


CORRELATIONS AND FINAL DISCUSSIONS 


According the interpretations put forward above, the Mathon 
Beds, the White House Silts and the Eastnor Clay are all the same 
age and all slightly older than the Upleadon Gravels. terms the 
Severn valley succession this means that they are either contemporary 
with the Woolridge Gravels possibly little younger. The Wool- 
ridge Gravels turn have been correlated with the Moreton Drift 
north-east Gloucestershire (Hey, 1958, pp. which itself 
assigned the maximum the Penultimate (Gipping) Glaciation 
(Shotton, 1953, Table 6). 

one consequence the correlation between the Eastnor Clay 
and the Woolridge Gravels, can now confirmed that the gravels 
are the outwash Severn valley glacier, origin suspected Wills 
(1938, pp. 220) but never proved. Since the glacier believed have 
sent offshoot over the Hollybush pass, must have extended least 
far south the present road, and its upper 
surface this area must have stood well above 525 feet O.D. (the 
height the pass). Since, also, the base the Woolridge Gravels 
240-250 feet (Wills, 1938, 170; Hey, 1958, 162), the thickness 
the ice here must have been least 300 feet. 

These correlations, however, raise one difficult problem. The 
Gipping tills around Birmingham (Pickering, 1957) and for some 
miles the south-east (Tomlinson, 1935, pp. 427-9 and Pl. XXVII; 
Shotton, 1953, pp. 241-2) contain Welsh erratics. Yet definite 
Welsh erratics have far been identified from the deposits described 
this paper, and the Woolridge Gravels themselves have yielded only 
single piece probably Welsh” volcanic ash found Wills 
(1938, 170) Norton Hill. This can scarcely ascribed insufficient 
sampling, for the writer himself must have examined many thousands 
pebbles from these deposits. 

One possible explanation would the former existence barrier 
hills high enough keep the Welsh ice out the middle Severn 
valley. simpler alternative, however, has been suggested the writer 
Professor Shotton (in Although Welsh erratics are common 
around Birmingham itself, points out that the western drifts 
south-east Birmingham contain many Bunter and Coal Measures 
erratics but comparatively few from Wales; this distinction brought 
out Harmer’s map (1928, the distribution erratics 
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England and Wales. Professor Shotton therefore suggests that between 
the true Welsh and true eastern ice-streams third ice-stream may have 
intervened, originating perhaps the Pennines and extending least 
south Warwickshire. 

this had reached the Severn valley might have excluded the Welsh 
ice and would have brought exactly such erratics are found west 
the Malverns: many Bunter pebbles, some, including coal, from the 
Carboniferous, and Liassic fossils from the main outcrop east 
Worcester. The few flints might have come from the eastern ice which, 
any case, thought have entered the Severn valley near Gloucester 
(Hey, 1958, 

for the Upleadon Gravels, there known deposit the middle 
Severn valley with which they can reasonably correlated; the 
gravels 240 feet Dripshill, miles east Great Malvern (Wills, 
1938, 170), would scarcely high enough. therefore impossible 
say where the ice-front was situated this stage. Presumably, the 
melt-water the Severn glacier now had enough energy able 
carry all its load out the area. 

Subsequent events west the Malverns include the reversal the 
drainage through the Longley Green gap and much erosion, leading 
the initiation the present drainage-systems. The solifluxion deposits 
were then laid down, disposed more less according the present 
topography. They presumably date from the Last Glaciation and the 
erosion from the Last Interglacial, though yet proof available. 
South the Malverns the valley the lower Leadon cuts across the 
Upleadon Gravels and must therefore post-date them (Hey, 1958, 162 
and Text-fig. 1). Its initiation can fairly safely assigned the Last 
Interglacial for contains terrace traceable downstream connec- 
tion with the Main Terrace the Severn, and this itself assigned 
the time the Irish Sea Glaciation, early phase the Last Glacia- 
tion England (Wills, 1938, pp. 

Though the Last Glaciation seems have left the immediate area 
unglaciated, should added that during this time Wye valley 
glacier advanced eastwards within miles the Cradley Brook 
valley (Dwerryhouse and Miller, 1930, Pl. XII). 
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CORRESPONDENCE 


CROSS-FOLDS 


recent paper Fold Structures the Dalradian Rocks 
Knapdale, (Roberts, 1959), stated that King and Rast (1956) 
attributed the development cross-folds the Dalradian rocks south-east 
Cowal the action subsidiary axis shortening. This was 
They consider that the cross-folds correspond the general direction 
elongation transport, whereas the Caledonoid folds are more especially 
related axis (p. 195). The relevant section own 
paper (p. 221) should have read follows These authors recognize the 
existence one dominant Caledonoid axis folding while folds the 
second set are considered cross-folds. Weiss (1958), however, considers 
that the axial planes cross-folds, typically developed subsidiary axis 
shortening, should perpendicular the axial planes the main 


deeply regret this unfortunate mistake, and should like apologize 
the two authors concerned. 
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CULM MEASURES STRATIGRAPHY 


close examination Dr. Simpson’s (1959) paper “Culm 
Stratigraphy shows that contains indisputable facts support the 
idea major unconformity within the Carboniferous strata Devon and 
Cornwall. Moreover, the main points his paper—(1) the apparent absence 
cleavage his Ugbrooke Group, (2) the post-orogenic and probable 
post-granite age this group—were clearly stated Somervail (1898). 

The present balance evidence definitely against this coarser-grained 
Ugbrooke Group being post-orogenic age. Detailed field work shows that 
both the east and west Dartmoor this group sediments possesses 
fold pattern similar that seen the other Carboniferous rocks. Dr. 
Simpson has been misled that has evidently only visited exposures 
the relatively long flat-lying fold limbs where the strata are the right way 
and virtually undeformed. This could have been avoided careful reading 
the excellent detailed descriptions the relevant Geological Survey 
memoirs. These make clear that the Ugbrooke Group must fully in- 
volved the orogenic movements (e.g. Reid and others, 1911, pp. 42-47). 

The most convincing field evidence far available the orogenic and 
pre-granite character this group seen Tavistock (Dearman and 
Butcher, 1959, pp. 61-62 and 66-67). Here the strata, locally referred 
the Whitchurch Down Greywacke Group, are mostly inverted and tightly 
folded. The outcrop can traced eastwards narrow band until cut 
off, and the sediments contact metamorphosed, the Dartmoor granite 
(Fig. 14). 

Certainly the presence absence cleavage cannot relied upon 
dating the strata; only fossils can used, these provide indisputable facts. 
Fortunately the Culm Measures are slowly yielding determinable goniatites 
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that the Carboniferous goniatite zonal scheme can used Devon 
establish the succession and hence the structure. fact worth empha- 
sizing that far this coarser-grained group has nowhere yielded goniatites, 
that all correlations the different outcrops this group are yet 
purely lithological basis. However, have recently collected Homoceras 
shales near the River Inny north Stoke Climsland—that is, area 
Dr. Simpson’s Ugbrooke Group (p. 204). 

The author remarks conclusion (p. 207) the fact that the Tavistock 
Sheet (337) the Geological Survey unmetamorphosed Culm Measures are 
shown within the metamorphic aureole the Bodmin Moor granite 
near Altarnun. From this argues the probable post-granite age the 
Ugbrooke Group. Surely the answer more likely that this 
draughtsman’s error, especially there appears mention the 
matter anywhere the accompanying memoir (Reid and others, 1911). That 
such errors can occur seen from the 1913 edition the Newton Abbot 
Sheet (339) which small patch metamorphosed Permian shown 
adjacent the Dartmoor granite Woolley near Bovey Tracey. One could 
argue from this the post-Permian age the Dartmoor granite! 

any case, Dr. Coles Phillips showed 1928 (Fig. that the strip 
Culm Measures near Altarnun definitely occurs outside the outer limit the 
thermal aureole the Bodmin Moor granite. 
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THE SUPPOSED EVOLUTION GRYPHAEA 


regret that Professor Swinnerton chose word his criticisms 
work such intemperate language; shall nevertheless endeavour 
reply briefly the relevant points raises. 

There surely non sequitur his opening argument for states, refer- 
gryphaeoid coiling, that “If such coiling indeed function size 
then some the giant forms which lived later the Jurassic should 
argument that implies this. regard choice index size, the 
work Maclennan and Trueman shows that the length the right valve 
satisfactory this respect and that substantially different result 
expected width measured. did incidentally measure width well 
and findings confirmed this. Depth cannot reliably used size index 
too intimately bound with coiling. 

Professor Swinnerton goes suggest that work Liostrea 
not supported statistics there marked hiatus argument. Though 
did laborious analysis Gryphaea followed the case. Liostrea the 
Principle that statistics are better than weak statistics, because rejection 


” 
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the statistics might obscure some fundamental observational truth. the 
case question, confident that could demonstrate the lack gry- 
phaeoid trend the succession unprejudiced observer any 
exposed Hettangian succession Britain. This conclusion not lightly 
disregarded, for have made careful observations over far wider area than 
either Trueman Swinnerton considered. observations can readily 
checked and compared with Trueman’s any interested party; the pre- 
Planorbis oysters provide particularly promising material for this. cannot 
deny that particular conclusion mine possibly have any experi- 
mental directly observational but, course, the same considera- 
tion applies Trueman’s own hypothesis. 

the case Gryphaea measured and plotted the specimens collected, 
readers may judge for themselves whether high proportion had areas 
attachment large enough cause wide scatter. fact, specimens with areas 
larger than mm. never approached anything like per cent material 
any the areas that studied. not true that made attempt 
locate Trueman’s original collection, for made abortive enquiries large 
number likely town and university museums. Moreover, have had good 
look Trueman’s localities. 

methods sampling are attacked the grounds that lumped to- 
gether collections from different areas and different subzones. Actually 
split samples for the size frequency histograms and found that respect 
mean and maximum size geographical variations were negligible. But 
consider that Swinnerton’s geographical variation argument invalid any- 
way, because has always been assumed (and this why important) 
that the evolution Gryphaea was general over Britain least. there were 
genuine evolution Trueman’s area there must elsewhere have been subtle 
reversals this trend give resultant evolution” the general 
picture. Would Professor Swinnerton seriously subscribe some such 
hoc hypothesis? Similarly, was quite justified lumping together collections 
from the bucklandi and gmuendense Subzones for the particular matter under 
consideration, which was decide the facts supported Trueman’s sugges- 
tion that there was significant difference between the horizon represented 
these adjacent subzones and lower horizon, the angulata Subzone, three 
subzones below. wish mention here that raw data, for each region 
considered, were excluded from paper for reasons space, but are 
available dissertation shortly present, together with details 
collecting localities. 

There certain irony behind many the remarks Swinnerton directs 
methods, for they imply criticisms Trueman’s original work 1922, 
which the only relevant comparison the present argument. one exa- 
mines this all-important work one finds surprisingly little information 
collecting localities and exact horizons and virtually statistical data. 
fact not evident from the paper, which all have on, that 
Trueman made careful measurements large numbers oysters, 
generally assumed. accused Trueman bias his collecting was 
because convinced that his results are quite variance with reality; 
pained the insinuation that doing have been insulting 
Trueman’s honour. respect Trueman imaginative worker who, like 
Professor Swinnerton, has done much stimulate palaeontological thought, 
but honestly believe that his early work Gryphaea did not check 
interesting idea with sufficient observation and measurement. Even so, 
object less this pioneer effort than the uncritical acceptance has sub- 
sequently received. 

GRANT INSTITUTE GEOLOGY, 
West 
EDINBURGH, 


REVIEWS 


HANDBUCH DER STRATIGRAPHISCHEN GEOLOGIE. 
Vol. Published Ferdinand Enke Verlag, Stuttgart. 
Part GRUNDZUGE REGIONALER STRATIGRAPHIE. 
pp. 411 with text-figs. and tables and charts. 1959. Price 
(unbound) D.M. 84.50, (bound) D.M. 88. 

Part ERICH THENIUS. pp. 316 with 
text-figs., tables and charts, and plates. 1959. Price (unbound) 
D.M. 63.50, (bound) D.M. 67. 


number treatises have recently appeared various branches 
geology attempting make single order out the multitude publications 
the world over. Perhaps the need greatest and the task most difficult 
stratigraphy and the weight literature Tertiary rocks makes this part 
the column formidable any. therefore seems inevitable and 
certainly desirable that each the two authors have chosen distinct 
approach which even between them can give only partial view. 

Part vertebrates, mainly mammals, summarizes their distribution, 
continent continent, from over thousand sources with correlation charts 
depicting the principal faunas and stages recognized. Although the title 
Part suggests more general stratigraphical treatment, the pattern similar 
Part several respects but dealing essentially with marine stratigraphy. 
Moreover, correlation devolves much foramineral studies hardly 
exaggeration say that Part parallels for the forams the mammalian 
contribution Part II. This criticism, except perhaps the titles, 
for the two works are complementary and gain much from the collaboration 
two such distinguished authors Vienna. 

Students Tertiary rocks attempting apply international time scale 
have lacked readily available source cataloguing the fossils most value 
world correlation. Many stratigraphical treatises, e.g. Prestwich (1888), 
Haug (1922), Gignoux (1950), and Brinkmann (1954) have attempted world 
correlations listing some important fossils; but selection from the prolific 
Tertiary faunas has defeated most attempts summary. Molluscs were the 
basis Lyell’s and Deshayes’ original study (1833) and have subsequently 
been the palaeontological basis much marine correlation, the difficulties 
which are well summed the invaluable analysis Morley Davies 
(1934). Tertiary molluscs have general proved intractable material 
for intercontinental correlation and the increasing dependence foraminifera 
was overwhelmingly reinforced the needs the oil industry for micro- 
palaeontological evidence. Thus wealth new knowledge forams large 
and small has been accumulated, but hitherto available only scattered 
specialist papers, unpublished summaries, unmanageable indices. Part 
brings many results this work the notice the general geologist and 
integrates with the molluscan and other evidence giving further precision 
and reliability the correlation rocks often much need it. 

Tertiary rocks have been divided according many different principles. 
Some think illogical that Eocene and Miocene should rank systems, 
yet the attempts divide the Tertiary into two systems only underline the 
unity the Tertiary whole and the value the smaller unit. Stage 
names are often used without their full significance being made clear and 
the present authors, common with many others, have been tempted use 
standard stages the same way, for instance, for the Jurassic rocks. 
Choosing the Tertiary stages from different areas where faunas that age 
are well known has the advantage that use the stage name for world 
time period removes general ambiguity. may, the other hand, introduce 
ambiguity detail which will become more apparent with advancing 
knowledge. The stages, defined local assemblages, have precise 
significance which lost generalized application. There certainly 
need for international divisions Tertiary time which will defined 
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local terms with increasing precision; however, lacking any single succession 
rocks fossils which will serve world standard, seems pity 
perpetuate ambiguity general use local terms when there are perfectly 
good general terms available. Lyell proposed his Tertiary systems general 
grounds and now possible, and indeed already commonly done, give 
general age Lower Paleocene, Middle Eocene, Upper Oligocene 
respectively instead Montian, Lutetian, Chattian. The authors some- 
times use one and sometimes the other system and they are fully alive 
the difficulties international conventions—Papp goes far lay down 
tentative agenda for international commission sort out some vexed 
questions such the status the Aquitanian and Pannonian. The reviewer 
incidentally preferred the arguments which place both these the Miocene 
even though may seem unfair the Oligocene and Pliocene respectively, 
measure the comprehensive nature the works under review 
that they should stimulate such discussion, for anxiety about the conventions 
used stems from the certainty that these two parts the Handbook” 
will have considerable influence, being far advance any other work 
the same scope. The remaining volumes will awaited with the greatest 
interest, and may worth pointing out that Volume III under review 


Sir HAROLD 4th Edition. pp. xvi 420, text-figs. and, 
plates. London: C.U.P., 1959. Price 75s. 

INTRODUCTION GEOPHYSICS. BENJAMIN HOWELL. pp. 399 and 
207 text-figs. New York and London: McGraw-Hill, 1959. Price 


ELEMENTARY SEISMOLOGY. CHARLES RICHTER. pp. viii 768 and 
205 text-figs. San Francisco: Freeman, 1958. Price $12.00. 


There need introduce Jeffreys’ Long established 
amongst the geological classics the four editions (the third was reviewed 
more detail, Geol. Mag., xc, cover and reflect the growth and develop- 
ment geophysics major branch geology. Jeffreys admits that this 
growth has taken the subject beyond the range one man’s capacity 
that inevitably some topics (e.g. are simply commented 
passing without full discussion. Further adjustments are made the 
thermal contraction hypothesis, and initial hot earth still slightly preferred, 
but the origin the earth still too open question re-occupy sub- 
stantial part the book. The arguments for and against continental drift 
are carried forward almost before, except that the case for polar wandering 
and convection current somewhat strengthened. Jeffreys does not attempt 
produce comprehensive treatise the physics the earth but develops 
his own interests—nevertheless the The central the whole 
theme and each argument brought its geological other point with 
familiar directness and lucidity. 

Most works geophysics contrast with the above approach, their 
emphasis being the assembly technological methods (instrumental and 
mathematical) into chapters hardly joined more than resort physics. 
Some are frankly exploration handbooks. Howell, the other hand, has 
attempted introduce geophysics distinctive science. His concept 
strange for argues that geology the restricted sense concerns 
observations accessible rocks, and geophysics (or the 
deeper material. Such absurd division cannot survive and indeed not 
explicit after the first chapter, but does reveal lack philosophical 
insight which tends place the work amongst the technological heirarchy. 
Having outlined method its geological significance too often left 
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unexploited and frequently not even indicated. This gives impression 
that the methods have been collected for their intrinsic interest and variety 
without over much reference the Earth’s structure and little its history. 
The intention the book, its design suggests, weld both physical 
and geological thought field common both. However, chapters 
the origin continents, continental drift, tectonic patterns, and tectonic 
profiles reveal lack knowledge the literature, critical analysis, 
original thought. the other hand, introduction geophysical 
techniques the book fills useful place providing elementary outline 
and mathematical development over wide field. This just what 
geologist often wants and cannot find elsewhere within the covers any 
one book. Moreover, the treatment many topics fresh and not simply 
the outcome mulling over existing texts—indeed, derives from long 
teaching experience. Thus, spite shortcomings, the book serves 
useful function, especially bridging the gap for those geologists who know 
where they start; physicists will need something else provide the 
geological basis geophysics. 

Elementary Seismology could only produced where earthquakes are 
factor everyday life. many pages are devoted descriptive aspects 
that one gets the impression that Dr. Richter making the most rather 
extended course lectures. However, the earthquake regions the world 
are densely populated and the book provides comprehensive introduction 
observational seismology which should value many. 

The authors the three books noticed above have all made significant 
contributions seismology and interesting compare such different 
approaches their study the Earth. 


GEOLOGICAL MAP CALIFORNIA, OLAF JENKINS EDITION: DEATH 
VALLEY SHEET. California Division Mines Publication, compilation 
San Francisco, 1958. Price $1-50. 


The new map entitled Death Valley Sheet the first some twenty sheets 
released the latest (Olaf Jenkins) edition the geological map 
California part the programme map issues the California 
Division Mines. The map lithographed colour and printed 
scale 250,000. Accompanying the sheet chart showing the source 
material from which the mapping was taken, table showing the U.S. 
Geological Survey topographic maps covering the area and list references 
used source material. The resultant product glowing tribute the 
work the staff the California Division Mines and represents stage 
the most ambitious state geological mapping programme California has 
far undertaken. 

The map presents the geology the area East California bounded 
the Nevada state line the east, Owens Valley the west, and has 
maximum extension the west about miles northward from Sykes 
Station, area all approximately 5,700 square miles. Within this 
compass exposed extensive sequence the geological column—earlier 
and later Precambrian, the major divisions the Palaeozoic, early Mesozoic, 
and great group Tertiary rocks which form the most colourful parts 
the Death Valley landscape. The Quaternary deposits include the saline 
minerals formed during the drying extensive lake system which 
spread far north-west the Owens Valley. The present topographic 
features Death Valley attributable directly indirectly movement 
along major fault zone coinciding with the valley itself are admirably 
portrayed. The Division Mines heartily congratulated this 
triumph geological mapping hazardous terrain, project begun 
under its chief, Dr. Olaf Jenkins, and now carried forward under his 
successor, Dr. Ian Campbell. 
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